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PEOPLE DON’T STANDARDIZE 
ON “SUBSTITUTES” 


For nearly 15 years, molybdenum high speed steels 


have proved on their own merits that they are superior 
steels. Long before World War Il, during the war, 
and up to the present moment, these steels have 
done more work for less money. 

Molybdenum high speed tool steels, for instance, 
are not only tougher, and do more work per job, 
but are consistently cheaper than 18-4-1. In addition, 
they are from 6% to 9% less dense, so more tools 
may be made from the same gross weight of steel.” 

Get the facts about what molybdenum high speed 


steels can do for you. 


*FREE BOOKLET on molybdenum high speed steels 
gives proof of these statements. Write for it. 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED @ FERROMOLYBDENUM e “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
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Yesterday it was sufficient to call yourself simply 
an Electrical, Mechanical or Chemical Engineer. 
But today we think in terms of specific functions 
performed . . . such as research, design, develop- 
ment or application engineering. For example, 
Westinghouse employs: «oe 


RESEARCH ENGINEERS... 
to investigate physical laws to extend scientific 
knowledge—or applied research to solve specific 
manufacturing problems, develop new apparatus. 


DESIGN ENGINEERS... 
to design all types of electrical apparatus to meet 
new or specialized requirements. Such work involves 
not only the writing of mechanical and electrical 
specifications but the selection of materials, manu- 
facturing processes and many other functions. 


DEVELOPMENT ENGINEERS... 
to evolve the desired product in physical form; to 
steer the product through infancy until it is a 
success. 


APPLICATION ENGINEERS... 
to analyze new projects, recommend needed equip- 
ment; and to decide what type of apparatus will do 
the best job for the customer. 


SERVICE ENGINEERS... 
to direct installation and repair at the customer’s 
plants; to handle emergency breakdowns. _&.10003 


r----- 






These are but a few of the many oppo . 
tunities for engineers in the electrical field. 
There are many others—in sales or manu- 
facturing at Westinghouse. Begin plans for 
your future by sending today for your free 
copy of “Finding Your Place in Industry.” 


Westi ghouse 


PLANTS IN 25 CITIES... OFFICES EVERY WHERE 






































To obtain copy of Finding Your Place in Industry, consult 


Placement Officer of your university, or mail this coupon to: 


The District Educational Coordinator 
We a Electric Corporation 

10 High Street 

Boston 10, Massachusetts 

Name 

College Course 
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Plasties where plasties belong 
for resistance to wear and moisture 


Synthane where Synthane belongs 


| ae Synthane (our type of laminated plastics) at work 
in the water pump of a popular car, where resistance to 


wiGH DIELECTRIC 
STRENGTH a wear and moisture are important. 

: This seal washer is lapped to fit precisely, seals watertight 
without packing, resists—mile after mile—the inroads of en- 
gine cooling water. It’s an appropriate job for moisture-resistant 
Synthane, a good example of using plastics where plastics be- 
long. Synthane has many other unusual mechanical, electrical, 
physical and chemical properties. It is light (74 the weight of 
aluminum), dense, strong, resists heat, impact, corrosion, is a 
good electrical insulator, and easily machined. It is a practicable 
material for a limitless number of applications. Synthane Cor- 
poration (Key Address) Oaks, Pennsylvania. 


SYWTWANE TECHNICAL PLASTICS © DESIGN * MATERIALS © FABRICATION © SWEETS © RODS © TUBES © FABRICATED PARTS © MOLDED-MACERATED © MOLDED LAMINATED 
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POGO STICKS 





Lots of people like to play jack rabbit. Still, as a way of 
going to work every morning, we don’t see much of a 
future for Pogo Sticks. Not even aluminum Pogo Sticks. 

But mention any other means of locomotion or trans- 
portation and our aluminum “Imagineers” get a gleam 
in their eyes. After all, what is more logical than 
vehicles made of aluminum? Less weight to move. 
More payload. 

We turned our imagination loose on that idea years 
ago... then engineered our thinking into trains, trucks, 
planes, ships. Alcoa’s Development Division has a staff 
of “Imagineers” who think of nothing else but better 





Alcoa Aluminum is finding more 
and more uses in buses, trucks 
and trailers. Yes, in passenger 
car manufacture, too. 


Passenger streamliners, refriger- 
ator cars, hopper cars and tank 
cars built of Alcoa Aluminum are 
serving American railroads. 
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ways to transport people, products, and materials by 
using aluminum. Actually, we have four separate staffs 
of transportation engineers, one each on railroads, high- 
way vehicles, ships and aircraft. 

Whatever you do after college, you’ll benefit from 
that. If you go into transportation, these Alcoa engi- 
neers will be working with you to cut costs, speed 
schedules, improve facilities. Or if you choose some 
field of production, they’ll be helping to transport 
your materials and finished goods cheaper and faster. 
ALUMINUM CoMPANY OF AMERICA, Gulf Building, 
Pittsburgh 19, Pennsylvania. 





Newest thing in shipbuilding is 
the aluminum superstructure, de- 
veloped by Alcoa with marine 
architects and engineers. 


ALCOA ices stuminun 


Ever since Kitty Hawk, Alcoa has 
worked with the aircraft indus- 
try in developing better alumi- 
num for better planes. 
























































































Atomography... 


Whe the aid of a special kind of photographic 
film with an emulsion much thicker than that 
of ordinary film, physicists C. F. Powell and G. P. S. 
Occhialini of the University of Bristol, England, have 
been able to take direct photographs of the explosions 
that take place in nuclear reactions. A radioactive sub- 
stance, such as radium or thorium, is mixed into the 
emulsion of the film, where it disintegrates to form a 
variety of particles. These particles set up powerful 
electrostatic fields along their paths and cause part of 
the sensitive silver compound present in the film emul- 
sion to be reduced to metallic silver. After developing, 
these paths appear as dark lines, easily visible under the 
microscope. 

The same film was used to obtain photographs of the 
impact of cosmic rays on the emulsion; in some cases, 
as many as twenty paths could be seen originating from 
a single point where an atomic disintegration took place, 
thus indicating that the reaction involved the ejection 
of at least twenty energy carriers. 

The new film used by the English scientists is more 
effective than ordinary photographic films for taking 
atomic pictures because the greater depth of the emul- 
sion forms a three dimensional region in which a nuclear 
reaction could take place and be photographed. In 
conventional films, the emulsion is so thin that only 
particles traveling in the plane of the emulsion would 
appear on the photographic plate, thus giving a rather 
incomplete picture of what is transpiring in a nuclear 
reaction. In addition, the photographic films used for 
the atomic-reaction photographs have an unusually 
high concentration of sensitive silver salts, so that 
sufficient silver is reduced along the particle tracks to 
cause them to become visible after developing. 


Smelling by Radar... 


A new theory of the mechanism of smelling has been 
proposed by Professors Lloyd Beck and Walter Miles 
of Yale University. They believe that the nose acts 
like a miniature transmitter of infra-red rays, and that 
smell is based on the partial reflection of these waves 
back to the nose by molecules in the surroundings. 
Odorous substances, they hold, absorb certain fre- 
quencies in the infra-red spectrum, and the absence of 
these frequencies in the reflected radiation is detected 
by the nose and interpreted by the brain as a “smell.” 

The experimenters arrived at this unusual conclu- 
sion largely on the basis of experiments with insects. 
They found that roaches and bees, for example, are 
attracted to honey and other odoriferous substances 
even when they are completely enclosed, provided that 
the walls of the container are made of a material like 
potassium bromide which easily transmits infra-red 
radiation. 

The investigators also believe that the new theo 
may well apply to man and the higher animals as well 
as to the lower orders on which the experiments were 
carried out. This does not mean that the entire process 
of smelling consists of the transmission and absorption 
of infra-red light, for there is an overwhelming amount 
of evidence available to show that the molecules of an 
odoriferous substance must be present near the nose for 


140 


Briefing the News... 





smelling to take place. Among them can be mentioned 
the fact that odors are carried by winds whereas infra- 
red radiation, like the whole electromagnetic spectrum, 
would be completely unaffected by air movements. 
Furthermore, it is well known that only materials with 
an appreciable vapor pressure have an odor; substances 
which are wholly non-volatile are also odorless. How- 
ever, it is still possible that the final step in smelling, 
in the immediate vicinity of the olfactory nerve endings, 
might occur through this mechanism of infra-red absorp- 
tion. As yet, the scientists have offered no direct proof 
for this hypothesis. 


Phosphorylase... 


Last year, two American scientists, Dr. Carl Cori 
and his wife Dr. Gerty Cori, received half of the coveted 
Nobel prize in medicine for their remarkable work in 
discovering how the human body converts sugar into 
animal starch and vice versa. Working at the Washing- 
ton University School of Medicine at St. Louis, Mis- 
souri, they even succeeded in synthesizing animal starch 
from a derivative of ordinary glucose or corn sugar, in a 
manner parallel to the body’s own chemical process. 

The secret lay in a new enzyme, or organic reaction- 
helper, that was found to cause molecules of the glucose 
derivative, known as glucose-l1-phosphate, to combine 
with one another to form a molecule of glycogen, com- 
monly known as “‘animal starch.” It serves the same 
purpose in animals as ordinary starch does in plants, 
namely, as a storehouse for sugar. The enzyme, which 
was named phosphorylase by the two scientists, not 
only aids in the formation of glycogen from glucose, 
but also helps the glycogen to break down into glucose 
for use as a source of energy for the body’s tissues. It 
was in this reaction that phosphorylase first came to the 
attention of the Doctors Cori. They found that glyco- 
gen extracted from animal muscle eventually ook 
down into glucose-1-phosphate, but that if the muscle 
fibers were washed briefly with water before being 
allowed to stand, the decomposition of the glycogen 
was stopped completely. Therefore, they decided that 
some chemical soluble in water was necessary for the 
decomposition of the glycogen into glucose-1-phosphate. 
They finally isolated the compound responsible for the 
decomposition of glycogen and called it phosphorylase. 
Subsequently, they found that phosphorylase caused 
the reverse reaction to take place, too; thus, phos- 
phorylase was necessary for both the synthesis and 
decomposition of glycogen. 


1000 M. P. H. Rocket Sled... 


A rocket-propelled sled, with a record of 1019 miles 
per hour already to its credit, was the development of 
the Northrop Aircraft Company. The 1500-pound 
contraption was built to slide along a 2000-foot railroad 
track on magnesium shoes. In the first test, it covered 
the distance in less than two seconds, and then sped 
off the track and into the desert. 

The company indicated that the rocket craft, which 
had attained a speed well above the speed of sound 
(750 m.p.h. sea level), at which ordinary aircraft are 
nearly battered to pieces by the turbulent pressure 
waves in the air, would be used to test aircraft wings 
and other parts at supersonic velocities. 


THE TECH ENGINEERING NEWS 





~~ 
- 
7 
-> 
- 
> 
- 
- 
- 
- 
- 
- 
- 
ss 
- 
~ 
-~ 
- 
oan 
- 
- 
is ae 
~ 
- 
- 
- 


Working in a Dow physical research laboratory, this young 
man is operating a machine to test plastic materials. 


Plastics—-a growing field for the young technician 


Interest in the use of plastics grows apace. Products in great 
variety for the revived consumer’s set. show their influence 
—their special utilitarian value—their ready adaptability 
to ideas in design—their distinctive beauty. 


Plastic materials are custom made in the laboratory for modern 
living. Dow chemists have developed many new plastics 
among which is Styron, a material that rose to a leading place 
during the war years. It is a remarkable combination of 
brilliant beauty and properties of a strictly utilitarian nature. 
Today, Styron is in demand for products that range from 
toys and costume jewelry to batteries and automobile parts. 
Many top-rate refrigerator makers use it in ice compartment 
doors, shelves and other parts. 


Other Dow plastics are: Saran for colorful fabrics that can 
be cleaned with a damp cloth, non-rusting window screen or 
corrosion-resistant pipe and tubing; Saran Film and Ethocel 
Sheeting for better packaging; and Ethocel for durable molded 
products. 


Development, testing and production of these plastic materials 
are carried on by technical men with special training. It is 
a great and growing field for young men who can turn their 


college training in this direction. | CHEMICALS INDISPEN ABLE 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN .—§ TO INDUSTRY AND AGRICULTURE 


New York « Boston ¢« Philadelphia « Washington e« Cleveland « Detroit : 
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Equipment Engineering— 
Design and development of 
processing equipment and 
automatic machinery. 






Chemical Engineering— 
Product and process development 
through pilot plant and 
plant scale. 


Basic Chemical Research— 
Physical chemistry, organic 
chemistry and bio-chemistry. 







Science Advances 
on Many Fronts at 
Procter & Gamble 





Heat and Power Engineering— 
Design and development of 
power plants, refrigeration, 
heating. 










J Ulte 

Industrial Engineering— 
Job and method studies, cost 
control development. 






Personnel Administration— 
Employment, training, 
health and safety. 






Factory Management — 
Supervision of men, materials 
and machines in 29 plants. 
















Lea ders fz i Pp a search and development calls for corresponding prog- 


ress in processing, equipment design, and production 
Leadership in one form of science is based on __ methods. 


teamwork in many. Long-range research leads naturally and logically 
That’s why Procter & Gamble, longa leaderinthe _ into practical production applications. 

chemical industry, also is making important advances So now, as through 110 years of progress, the key- 

in mechanical, electrical and industrial engineering. note at P AND G is scientific teamwork—close coopera- 
At P AND G, every step forward in chemical re- _ tion for continued progress. 


Procter & Gamble 


CINCINNATI 1, OHIO 









ie. 9 oe Me hee Oe hee —" 





THE TECH ENGINEERING NEWS 












@e TECH 


ENGINEERING NEWS 


PROFESSIONAL JOURNAL 
OF THE UNDERGRADUATES 


Volume XXIX, No. 4 





MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY 


IN THIS ISSUE 


145 NEW-FOUND FORMS 
148 HARMONY 


BY RICHARD D. AHERN, 


BY RICHARD W. SPENCER, 


151 THE MICROANALYTICAL LABORATORY OF TODAY 


152 INDUSTRIAL OXYGEN 


BY MARC L. ALFANDRY, 


BY CLARENCE GREGORY, 


154 BOSTON TO NEW YORK IN EIGHT JUMPS BY EDWARD MULLERY, 


155 GERMANY — 1947 


FEATURES 
140 BRIEFING THE NEWS 


160 FROM THE EDITOR’S 
NOTEBOOK 


161 DRAGON’S DEN 


COVER 
By Charles Jordan 


TITLE PAGE 


This radio relay station on Bear Hill, near Waltham, 
Massachusetts, is typical of the seven relays A. T. & T. 


has built between Boston and New York 
A.T. &T. 


MEMBER OF THE 
ENGINEERING COLLEGE MAGAZINES ASSOCIATED 


Published monthly during the school year at Walker Memorial, 
Cambridge 39, Senubaneses, by the undergraduates of the 
Massachusetts Institute of Technology. Entered as second 
class matter, at the Post Office, June 1, 1920, at Boston, Mass. 
under the Act of March 3, 1879. Copyright 1948 by The 
Tech Engineering News. Subscription per year $1.50. Foreign 
$2.25. ‘One copy 25 cents. 





BY WERNER H. GUMPERTZ, 


FEBRUARY, 1948 





































eile 
a 


At the left is a sketch of a house in 
Stuttgart, Germany, designed by 
Le Corbusier. It features light- 
ness of construction. While below 
is a sketch of the Johnson house. 
Frank Lloyd Wright as architect 
stressed closeness to the earth here 


















Neu-Found Forms 


Modern architects, while solving engineering problems with latest techniques, 
are also expressing the character of the people they serve. 


By RICHARD D. AHERN, ’50 


HAT side of the fence are you on—do you like 

“modern” architecture or do you dislike it? 
Without hesitation you logically reply, ‘““What type of 
modern architecture do you have in mind?” But had 
you been asked at the beginning of the Gothic period 
(when Gothic was “modern’’), “Do you like ‘modern’ 
architecture?” you would have replied immediately 
either yes or no, for Gothic architecture was the mani- 
festation of a single spirit — the expression of worship- 
ing God above through structure. Our modern archi- 
tecture, however. represents many different spirits. 
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Frank Lloyd Wright designed the Johnson Wax 
Company’s office building in Racine, Wis- 
consin, for permanence 


Greek architecture was an expression of Greek 
ideals; Roman architecture was an expression of Roman 
ideals; and Gothic, of late Medieval ideals. 

It was at the beginning of the last century that 
“styles” began to become fads that would come and go 
within a few years, until the trend accelerated to a 
point where any style (as long as it was novel) was in 
good taste. This was eclecticism. 

Now we have “modern” architecture, architecture 
that cannot be explained in terms of one great new 
movement. Again we have many “‘styles,” but a new 
set of styles. Why do we have so many? What ideals 
does each express? Are they here to stay or are they 
merely passing fads? What do they have in common 
with great architecture? What are the fundamental 
differences between modern architecture and periods of 
the past? These are questions we must answer if we 
are to evaluate modern architecture. 

Perhaps a brief inquiry into the history of the 
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evolution of architecture would be helpful in making 
an analysis of the present situation. 


The Evolution of Architecture 


The Pharaohs of Egypt ruled their subjects with an 
iron hand. They needed an architecture that would 
express their complete domination over their subjects. 
They also faced a technical problem — how to span 
large spaces. The latter problem was solved by means 
of the post and beam, an invention of primitive man, 
but here the posts were developed into huge columns 
and the beams spanned tremendous spaces. The result 
was an awe-inspiring mass of monumentality that com- 
pletely expressed the desired effect of dominance. 

The Greeks had the same technical problem the 
Egyptians had, and also used the basic concept of post 
and beam. But the people of Greece were different 
from the Egyptians. Theirs was a race where the indi- 
vidual’s rights were respected. Dignity and simplicity 
were elegantly expressed in their buildings. This is a 
case where two races used the same method of construc- 
tion, but by means of placement and proportion achieved 
entirely different effects. Both were functional; both 
were beautiful. 

Rome accepted the Greek heritage, but by means of 
the arch, the dome, the vault, and the use of concrete, 
transformed the “Glory that was Greece” into the 
“Grandeur that was Rome.” The Romans gained a 
greater variety of composition and greater flexibility of 
plan than had the Greeks. However, they often used 
the building elements like toy blocks, arbitrarily plac- 
ing them in illogical arrangements. Thus, improve- 
ments in architecture, like most advances toward civi- 


The Shuckl Canning Company’s office building 
in Sunnyvale, California, was designed by 
William Wilson Wurster, Dean of Architecture 
at M.I. T. 
















































































































lization, bring greater complications and more oppor- 
tunities for misapplication along with their virtues. 

Builders of Gothic cathedrals wanted their struc- 
tures to inspire the people. The logical solution was 
the emphasis of the vertical direction. No longer was 
there the post and beam; here was a pointed arch sup- 
ported by lofty piers and sustained by buttresses. 
Greater heights were reached. The beauty of the 
cathedrals resulted from the use of structural elements 
as frank features of the composition of the cathedrals. 
Although classic architecture and Gothic architecture 
were radically different, the change from Roman to 
Romanesque to Gothic was actually a slow process of 
evolution. Not until recent times was another great 
concept of construction devised. 

The Renaissance found a people who were dissatis- 
fied with their own culture vet without enough faith in 





St. John’s College, Oxford, England, abounds 
with decoration 


their own abilities to create a new architecture that 
would be expressive of their own aspirations. They 
reverted to the classic tradition, and with it the limita- 
tions of symmetry, the principles of emphasis of the 
horizontal or vertical direction, repetition of an ele- 
ment — particularly the column and the window, and 
the idea that some feature — a dome, a veranda, an 
entrance — should dominate a building. 

How to achieve dignity, sublimity, monumentality 
— how to achieve some effect — these were the prob- 
lems of the Renaissance. Like Roman architecture, 
Renaissance was a grandiose expression of an age of 
imperialism, an architecture that is still imitated, not 
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only in kingdoms, but in countries with democratic and 
socialistic governments. 

Renaissance might be classified as an art of decora- 
tion. As such, most of the progress Renaissance archi- 
tects made was in adding variations to the classical 
facades until weird styles were developed for the sake 
of novelty. Architecture then degenerated into such 
periods as Rococo, Victorian “‘gingerbread,” and Greek 
and Gothic revivals. The ciated problems dealt with 
in Greek and Gothic architecture were not solved in 
a new way. Architects lost sight of those problems and 
merely disguised structures with facades that revealed 
only unsympathetic use of two great styles. John 
Ruskin, famous critic of the arts, wrote around 1840 
that “In the wild struggle for novelty, the fantastic is 
mistaken for the imposing, superfluity of ornament for 
beauty, and its total absence for simplicity.”” This was 
the industrial age, an age of science that saw learning 
and inventions increase without bounds. Philosophies 
no longer belonged to a race or an era or a generation, 
but changed with each new development. Architec- 
tural styles fluctuated with sympathetic vibrations — 
on again — off again. It was the style previously 
referred to as eclecticism. It still persists today. But 
is it what we want? Is it great architecture? 

Egyptian, Roman, Gothic architectures are undis- 
putedly considered great architectures. Rococo, Ba- 
roque, and Victorian styles, and Greek and Gothic 
revivals are usually considered periods of stagnation. 

Three factors would seem to be involved in great 
architecture: 


1. A unique problem to solve. 
It may be technical. 
It may be one of obtaining a desired effect. 
2. A structural theory that solves that problem. 
3. An aesthetic solution. 
It must not conceal the structural elements but 
reveal them as objects of beauty. 
It must express the character, ideas and philoso- 
phies of its creators and the people it serves. 


New Problems to be Solved 


Now what can be said about all these new styles 
which are combined under the heading “modern archi- 
tecture”? Have there been any new problems solved 
in an appropriate manner, or any old problems solved 
logically in a new way? Is there a pleasing aesthetic 
solution to these problems? 

With the industrial age came oceans of problems. 
What a golden opportunity for architecture — it 
thrives on problems! The industrial age forced people 
into cities, cities that had to grow vertically, for land 
became a more valuable commodity. The Bessemer 
process made steel plentiful. “Steel cage,” from which 
walls were hung, outmoded the concept of weight- 
bearing walls. Here was a new problem (how to build 
multi-storied buildings higher) and a structural solu- 
tion, the steel cage. All that was needed was an aes- 
thetic solution that would not conceal the structure. 
Most early skyscrapers did have facades that concealed 
the structure; there were pseudo-Gothic, pseudo-classic, 
and pseudo-Romanesque styles that gave the false 
appearance of sielaaenediing walls. Gradually these 
false styles disappeared, or only token reminders 
remained. Yet, there is not a skyscraper in existence 
that has fully achieved true structural honesty. The 
greatest (not necessarily the tallest) skyscraper has yet 
to be built. 

But perhaps the greatest skyscraper never will be 
built, for as cities grow and blighted areas spread and 
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countryside decreases, the twentieth century, urban- 
ized society begins to notice our lack of sunlight, our 
lack of fresh air, our crowded streets and unhealthy 
conditions. “Decentralization!” is the cry of America’s 
city planners. “‘Air! Sun! Grass!” is the cry of the 
architects. Those are the problems: next, the struc- 
tural concepts that modern architecture offers to solve 
those problems. 

Or Sol is more troublesome in Brazil than in most 
parts of the United States, and it is there that many 
ingenious systems of blinds have been devised to regu- 
late the sunlight at all hours of the day. More familiar 
to United States citizens, however, is the “solar eye- 
brow,” usually an extension of the roof that lets the low 
winter sun in, but blocks the high, hot, summer sun 
from entering the rooms. Ventilization louvres are 
becoming increasingly popular. New emphasis is laid 
on correct orientation of rooms to catch the sun when 
wanted and to block it when not wanted, and to catch 
cool summer breezes and block cold winter winds. We 
are outdoor-conscious — everybody now wants a “pic- 
ture window.” Large expanses of glass have become a 
trade-mark of modern architecture. Planting is often 
taken inside the building. To gain a sense of continuity 
between floor and ground, a difference in ground level 
and floor level is often avoided. Utilization of the ten- 
sile-compressive properties of reinforced concrete has 
led to development of the cantilever, a means of extend- 
ing a structure without support at one end. Flat roofs 
can now be made weather-tight, and glass panels can 
be used without great loss of heat. The whole field of 
plastics is unexploited. 

It is easy to see the advantages of these advances in 
building construction. People want them, but one 
cannot put a solar eyebrow on a Colonial home, nor 
design a Georgian house with a picture window and 
louvres, for it is no longer a Georgian house (though this 
sort of thing has often been tried). For this reason 
architects are fortunately forced to abandon the escap- 
ism of eclecticism and once again become creative and 
not dependent on a handbook of styles. 


Sociological Relations 


That architecture was forced to break with tradition 
because technical advances cannot readily be adapted 
to conventional styles is true, but it is only part of 
the answer to why we have modern architecture. An 
architect is an artist, a poet; he likes to design crea- 
tively — not imitatively; he likes to express himself 
through his medium — building materials. The leaders 
of the new movement — Louis Sullivan, Frank Lloyd 
Wright, Peter Behrens, J. J. P. Oud, Le Corbusier, 
Walter Gropius, Mies van der Rohe, and many others 
— might be called sociological galvanometers; they indi- 
cated a new era of introspection. These men saw 
through the pretense, the shams, the unreasonable 
aspects of eclecticism. Great architecture had always 
expressed the ideals, the character and philosophy of 
the people it served and the architects who created it; 
but the eclectic period had architects who were er 
at ease designing in Gothic, Georgian, or Queen e; 
people who might live in a Colonial home one year might 
occupy a Spanish villa the next. This must mean one of 
two things; either people’s personalities changed from 
month to month, or they were living in an environment 
that did not express their ideals, their personalities, 
their aspirations. The former reason did not seem 
plausible; the latter did seem reasonable. 

Great architecture is an expression of the people it 
serves. At the same time, the people are a product of 
their environment, part of which is their architecture. 
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The Alumni Pool at M.1.T., designed by 
Lawrence B. Anderson, shows a noticeable 
lack of decorations 


Then, if a certain style does not express the ideals and 
aspirations of the people, the people are having their 
own ideals, personalities, and aspirations influenced by 
ideals, personalities, and aspirations which are not their 
own. Architecture that causes this dilemma is dishon- 
est, and a need arises for an honest architecture. 

It was the need for an honest architecture that the 
pioneers of modern architecture tried to fulfill. Modern 
architecture is an attempt to achieve not only a utiliza- 
tion of the newest technical advances but also an expres- 
sion of the life and philosophy of modern society. 

“Modern society” — that is the cornerstone of 
modern architecture. Past eras may be labeled “Roman 
imperialism,” “Greek individualism,” “Medieval feu- 
dalistic collectivism,” etc. But today we have “Modern 
*?— we are at a loss for the right word! Today 
there is no tradition, nor is there a trend; it is a struggle, 
a struggle between collectivism and individualism. 

The main struggles of medern architecture are also 
the struggles between collectivism and individualism. 
That accounts for our variety of styles. That explains 
why modern architecture cannot be explained as a 
trend! 





The Extremes of Modern Architecture 


Perhaps the best way to distinguish between the 
types of modern architecture is to differentiate the two 
extremes, the other types falling in between, occasion- 
ally being influenced ‘ha one extreme in one aspect and 
by the other extreme in some other manner. The two 
extremes are represented by Le Corbusier of France 
and Frank Lloyd Wright of America. 

Le Corbusier was greatly influenced by the clean 
lines of ships, planes, grain elevators, and machines of 
all sorts. He saw that their beauty was due to their 
completely functional design, unmarred by decoration, 
shams, or pretenses of any sort. This led to Corbusier’s 
famous concept of a house as a “machine for living”. 
He designed buildings with sharp lines, smooth, white 
surfaces, and inorganic materials — stone, steel, glass, 
and concrete. This was the functional house; gone was 
all unnecessary bulk; why not build with lighter mate- 
rials? By means of re-inforced concrete construction, 
columns could support the floors and roof, eliminating 
the use of walls as weight-bearing elements, so that they 
could be placed in any desired manner. Interiors could 
be then arranged more flexibly, so that exteriors could 
be simplified. Now the building could be “off the 
ground.” Again machines influenced building design, 

(Continued on page 170) 
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Harmony 


The Physics Behind This Musical Phenomenon 


By RICHARD W. SPENCER, ’49 


USIC is defined by Webster as “the art or science 
} of pleasing, expressive, or intelligible combina- 
tion of tones; the art of making such combinations, 
especially into compositions of definite structure and 
significance.” 

Some primitive forms of music had no set of dis- 
crete notes to adhere to throughout a performance. A 
musician might never hit the same note twice in a per- 
formance, although he might come very close to it. 
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Figure 1. The Pythagorean scale, and the 
series of fifths of which it is built 


Modern music (and by modern I mean all except the 
primitive forms mentioned above) is characterized by, 
among other things, the use of a succession of notes of 
definite pitch with fixed intervals between them, form- 
ing what is called a scale. Civilization has seen the use 
of several scales at various times and places. Before 
considering these, however, let us review a little ele- 
mentary physics. 

If two pure notes (no harmonics being present in 
either of them) are sounded simultaneously, a third 
note called the difference note is produced. The fre- 
quency of this note is equal to the difference between 
the frequencies of the two original notes, and can often 
be easily distinguished if its frequency is not below the 
lowest audible frequency. If the two original notes give 
a difference frequency which is below the audible range, 
or less than about fifteen cycles per second, no difference 
note will be heard, but the phenomenon known as beats 
is observed. As the two notes of nearly equal frequency 
become alternately in and out of phase, they alternately 
re-enforce each other and interfere, to give the pulsat- 
ing effect described as beats. Beats are generally 
avoided in musical harmony, as the effect is unpleasant. 

All musical instruments, including the voice, pro- 
duce sounds which contain many frequencies. Besides 
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Figure 2. Our major scale of the key of C, 
showing frequencies relative to c and fre- 
quency ratios of the intervals between adjacent 
notes 
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the fundamental, or first harmonic, there are usually 
many higher harmonics. It is the number and intensity 
of the various harmonics which give an instrument its 
distinctive character, called timbre, which makes it 
sound different from other intruments, even when play- 
ing the same note. 

Let us repeat our experiment, this time, however, 
playing notes on two musical instruments, not using 
the hypothetical pure tones we considered before. It 
will be found that most combinations of two notes will 
sound harsh or unpleasant. Beats will be heard where 
none were heard using pure tones. This is because of 
the addition of overtones (or harmonics). There are 
now present the two fundamental frequencies, the dif- 
ference note, the overtones of both the original notes, 
and several possible difference notes arising from differ- 
ences between overtones, or between an overtone and 
the other fundamental. 

For example, notes of frequencies 300 and 199 cycles 
will sound unpleasant together if they have the usual 
overtones. The fundamentals are far enough apart to 
avoid beats, but the third harmonic of the 199 note (or 
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Figure 3. Perfect major and minor chords of 
the key of C (treble clef) and their difference 
notes (bass clef) 


597) will beat with the second harmonic of the 300 
note (or 600). The beat frequency is three cycles. 

In this way, our possible consonant combinations of 
notes is greatly reduced. There are, in fact, rather few 
combinations of two notes which are consonant, the 
simplest one being the one whose frequency ratio is 2/1, 
an interval called the octave. The difference frequency 
is equal to, and therefore re-enforces, the lower note of 
the octave, and both notes have the same harmonics, 
the upper one being the second harmonic of the lower 
note. 

Another interval, and the next simplest, is that 
having a frequency ratio of 3/2, which is called a fifth. 
The difference note (or more properly, the relative dif- 
ference note, as it is expressed as the difference between 
the denominator and numerator of the fraction repre- 
senting the frequency ratio rather than the absolute 
difference in cycles per second) is 3/2, or 1, which is an 
octave below the lower note. The harmonics of one are 
far enough removed from those of the other so that they 
will not beat. 
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From the fifth an interval known as the fourth is 
easily derived. It can be arrived at by going down a 
fifth from the original, then up an octave. Going down 


‘ : 1 id F 
a fifth gives a ratio of 373° or 2/3. Raising this an 


octave doubles the frequency, giving the ratio of the 
fourth, 4/3. Its difference note (1) is two octaves below 
the upper note (4) of the fourth. This is one of the 
few intervals whose difference note accentuates the 
upper note of the interval rather than the lower one. 





The first sixteen harmonics of the C two octaves 
below middle C. The harmonics marked by 
arrows are not represented exactly, as there is 
no way to show them on the musical staff 


The interval composed of notes whose frequencies 
are in the ratio 5/3 is called a major sixth. It is unique 
in that the difference note re-enforces neither funda- 
mental. This difference note (2) is a fifth below the 
lower note (3). 

A major third, ratio 5/4, has a difference note of 1, 
or two octaves below the lower note of the interval, 4. 

The minor third is formed from the major sixth in 
the same way that the fourth was formed from the 
fifth. Go down a major sixth from the fundamental (1), 
giving 3/5, and raise it an octave. 3/5X2=6/5. This 
combination is not so perfectly consonant as the pre- 
ceding ones. 

The minor sixth, whose ratio is 8/5, formed by add- 
ing a fourth to the minor third (6/5X4/3=8/5), is 
even less perfectly consonant than the minor third. 
The difference note, 3, is a major sixth below the lower 
fundamental, 5. 

The ratio 7/4, the harmonic seventh, is considered 
dissonant by most musicians, and does not occur in our 
music. The harmonic seventh of a given note is the 
seventh harmonic of the note two octaves below the 
given note. 

Other ratios, such as 9/8, 10/9, etc., composed of 
larger numbers, are definitely dissonant. 

The intervals discussed in the preceding paragraphs 
are presented below in tabular form, in order of decreas- 
ing consonance: 


Frequency 
Name Ratio 
P Fifth 3/2 
erfectly consonant Rah 4/3 
Cc Major Sixth 5/3 
onsonant M aj or Third 5/4 
Imperfectly consonant a oe fe 
Boedestine Harmonic Seventh 7/4 
. 9/8 
issonant 10/9, ete. 
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It is seen that the simplest ratios are those of the 
most consonant intervals. This is in agreement with a 
theorem which states that the frequencies of two con- 
sonant notes are expressible as a ratio of small whole 
numbers. 

Of course, the line between consonance and dis- 
sonance is rather vague. Furthermore, it has changed 
over the years. Before Mozart’s time the minor third 
was considered too dissonant for use in music. The 
trend now is to use all the above listed intervals and 
more besides, some of which are admittedly very dis- 
sonant. . 

In order to play music which contains the above 
consonant intervals, it is necessary that the intervals 
between the adjacent notes of the scale be of such size 
as to permit the building of the consonant combina- 
tions mentioned above. 

The early Greeks used a scale which was built upon 
only octaves and fifths. Using our musical notation, but 
bearing in mind the fact that the frequency ratios are 
not quite equal to the ones we normally use now, the 
Greeks built up a scale as shown in figure 1. Calling 
c the starting point, the scale is constructed as a series 
of fifths upward and downward as shown by the vertical 
lettering in the figure. The numbers below the letters 
in the figure are the frequencies of the various notes 
relative to c, which is taken as unity. As the ratio of 
the frequency of each note in this series of fifths to that 
of the note below it is 3/2, the frequencies of these notes 
are shown as powers of 3/2 when the note ¢ is taken 
as 1. As laid out, these notes covered too wide a range, 
so they were moved into the same octave, as shown by 
the slant lettering. The development of this scale 
took place over a long period of time. Terpandro is 
responsible for introducing the a and the e, and the 
last fifth (b) was introduced by Pythagoras, whose 
name the completed scale bears. The numbers above 
the spaces between the notes are the ratios of the fre- 
quency of each note to that of the note below. 
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system 


The Greeks were not the only ones who used suc- 
cessions of fifths to form a scale. The ancient Scottish 
and Chinese scales were composed of the first and 
second fifths above and below c, thus: 


Mi... 4, * ee 


Again, these were transposed into the same octave. 
It is this scale which gives the old Scottish songs such 
a distinctive coloring. 

As we might expect from the theorem of the ratios 
of small whole n rs, the Pythagorean scale has few 
consonant combinations of notes. The only ones which 
will be in consonance with the fundamental ¢ (1) are 
f (4/3) and g (3/2), and, of course, octaves of these. 
While each note is consonant with the ones next to it 
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in the series of fifths, it becomes increasingly dissonant 
when played with notes farther from it. This scale held 
almost exclusive sway in Greece from the time of its 
adoption until the last century before the Christian 
era, when attempts were made to modify it to correct 
some of its shortcomings. These included the addition 
of as many as three other notes in some of the intervals 
in the Pythagorean scale, giving so-called quarter-tone 
intervals, which are now looked upon as very dis- 
cordant. 

The Pythagorean scale came to Italy, where it was 
the only one used up until the beginning of the sixteenth 
century, when developments began which were to trans- 
form it into our two present scales (major and minor). 

The Greeks did go so far as to build other scales, 
using other notes of the original Pythagorean scale as 
their fundamentals, or starting points. All these were 
similar in that they contained the same intervals in the 
same order. For example, the notes of the g scale were 
all just a fifth above the corresponding notes of the 
ce scale, etc. 

The tenth and eleventh centuries saw great growth 
in the use of polyphonic music — music in which several 
melodies progress simultaneously. Frequent use was 
made of successive fifths, which was natural, as the 
scale was built upon fifths. This polyphonic music 
became excessively complex, and much of it is now con- 
sidered worthless from the artistic point of view, being 
an artificial form built upon an artificial and imperfect 
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scale. There was, of course, no harmony possible, 
except the omnipresent fifth, which was used to such an 
extent that an average twentieth-century listener would 
listen to it only as a curiosity. However, it is interest- 
ing historically. 

Music was sung principally by trained church choirs 
at this time. Martin Luther’s Protestant Reformation 
put an end to this. The rising of Protestantism made 
necessary a new type of music which could be sung by 
untrained congregations. The polyphonic music was 
beyond the skill of the layman. 

Minstrels and troubadours had laid the necessary 
groundwork by developing primitive melodies, from 
which sprang the popular songs and madrigals. Thus 
harmony began to replace polyphony. Palestrina was 
instrumental in bringing this movement into Italy. 

Another idea which began to be developed at this 
time was that of the fundamental note and chord, and 
the related concept of a key or tonality about which a 
composition is centered. From these concepts devel- 
oped our present major and minor scales. 

Our major scale has notes of the frequency ratios 
shown in figure 2, taking c as the key note or funda- 
mental. The figures below the notes indicate the fre- 
—- of each note relative to c, and the figures 

ve are the ratios of the frequency of each note to 
that of the one below it. It is seen that our major scale 
is composed of intervals of three classes; which are 
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called major whole tones (9/8); minor whole tones (10/9); 
and major semitones (16/15), which are so named to 
distinguish them from another interval sometimes 
encountered called the minor semitone. 

Referring back to figure 1, we note that the Pythago- 
rean scale has only two intervals — whole tones (9/8) 
and semitones (256/243). 

Our minor scale is built up of the same intervals as 
the major scale, but differently distributed, as follows: 


9/8, 16/15, 10/9, 9/8, 16/15, 9/8, 10/9. 
This gives notes of the following frequencies relative to 
c, again taken as 1: 
1, 9/8, 6/5, 4/3, 3/2, 8/5, 9/5, 2. 


Another form of minor scale is composed of the follow- 
ing relative frequencies and intervals, respectively: 


1, 9/8, 6/5, 4/3, 3/2, 5/3, 15/8, 2; 
9/8, 16/15, 10/9, 9/8, 10/9, 9/8, 16/15. 


This scale is like the previous minor scale for its lower 
half, and like the major scale in the upper half. The 
second form is usually adopted when ascending, and 
the first is used when descending. 

The essential difference between major and minor 
scales is in the third note, which is, with respect to the 
fundamental, a major third in the major scale, and a 
minor third in the minor scale. 

With these scales it is possible to build chords of 
three notes or more. The two 
most important are the perfect 
major chord and the perfect minor 
chord, which are composed of a 
fundamental, its major or minor 
third, respectively, and a perfect 
fifth. In order that a chord will 
be consonant, it is necessary that 
each note composing it shall be 
consonant with each of the others. 
This is the case for both the above 
chords. Referring to the table of 
consonant intervals above, we see 
that the interval between the third 
and fifth of the above chords is a minor third in the 
case of the major chord, and a major third in the case 
of the minor chord. 

Figure 3 shows each of these chords in three posi- 
tions in the treble clef; the notes in the bass chet ah 
the difference notes formed by the intervals of the 
chords. It is interesting to note that inverting a chord 
(moving one or more of its notes up or down an octave) 
changes the difference notes, changing completely the 
sound of the chord in some cases. 

Similarly, chords formed of the fundamental, fourth, 
and major sixth; and fundamental, major third, and 
major sixth are perfect chords, inverted; the first a 
major chord built on f, and the second a minor chord 
on a. 

At first glance, it would seem that the scales men- 
tioned above should suffice nicely for all music. They 
do — if the music is all played in one key. But nearly 
all music modulates (changes to other ‘ae in some 
passages. This requires the addition of other notes to 
the scale. 

Suppose, for example, that we wish to modulate 
from the key of C to the key of G. (Keys are major 
keys unless otherwise specified.) We find that the inter- 
vals of the C scale are not in the proper order for a 
scale in the key of G. An additional note is needed a 
little above a in order to have a major whole tone as 


(Continued on page 172) 
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The Microanalytical Laboratory 
of Today 


By MARC L. ALFANDRY, ’51 


NE of the noteworthy advances in organic chem- 
istry has been the introduction of methods and 
procedures permitting chemical operations with exceed- 
ingly small amounts of material. This need was recog- 
nized in organic and inorganic research long ago, since 
many of the products of research, which can be isolated, 
are obtained only after great labor and in minute quanti- 
ties. In those branches of chemistry dealing with toxi- 
cological, clinical and pathological problems the appli- 
cation of micromethods has been a necessity. The ear- 
liest contributions to microchemistry were made in the 
second part of the nineteenth century; in the opening 
decades of the present century enormous strides were 
effected in the extensive applications of the methods 
and techniques developed. The reason for the outstand- 


Myles Spector 


A microcombustion furnace in use. On the 
wall over the furnace is the control and 
indicator panel 


ing success of microchemical operations is that besides 
being as accurate as the macromethods, they involve 
great economies in time, materials, and laboratory 
space. 

An important part of microchemistry is the field of 
microanalysis; the size of the samples analyzed has been 
gradually reduced from decigrams to centigrams and to 
milligrams as early as the beginning of this century. 
In 1911, Nobel laureate F. Pregl succeeded in revolu- 
tionizing most of the existing macrochemical methods 
in the quantitative analysis of pure organic compounds 
by the introduction of equivalent micromethods. 

The M.I.T. microchemical laboratory restricts 
itself at present to the quantitative analysis of pure 
organic compounds. The various functions of the lab- 
oratory comprise the teaching of quantitative organic 
microanalysis under idealized conditions, the _per- 
formance of analyses necessary for the research being 
carried on by the Department of Chemistry, and to a 
limited extent, to the performance of analyses for 
research workers in New England educational institu- 
tions. 
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The microchemical laboratory occupies at present 
three adjoining twelve by twenty foot rooms on the 
third floor of Building 2. Of these three rooms, one has 
been set aside to contain the hoods and is not air- 
conditioned; it is separated from the other two by a 
heavy glass-paneled door. This room was separated in 
order to eliminate complications in the air-conditioning 
system which is installed in the rest of the laboratory. 
The other two rooms are connected by an open doorway 
and are used as instruction and service laboratories. 
The instruction laboratory can accommodate four 
students at a time. 

The laboratory has been laid out to incorporate the 
latest advances in design so as to obtain as far as possi- 
ble idealized conditions. The service and instruction 
laboratories are air-conditioned and kept at a constant 
temperature of 72°F. The relative humidity is con- 
trolled and kept constant at 40 per cent. Dust particles 
are eliminated from the atmosphere by means of an 
electronic precipitator. Illumination is provided by 
fluorescent tubes fitted with reflectors. The windows 
are made of frosted glass which yields diffused daylight; 
this type of illumination is of considerable assistance 
when color determinations are to be made, as in the case 
of titrations. The floor is covered with asphalt tile 
and the ceiling is made of noise-absorbing cellular tiles. 
All the plumbing of the laboratory is concealed. The 
service laboratory contains equipment and desks for 
the director of the laboratory and his assistant. 

The equipment of the laboratory is in keeping with 
its efficient functional architecture and embodies im- 
proved designs. Great attention and care have been 
given to the design of the benches so that maximum 
comfort and working efficiency could be provided for 
the benefit of the laboratory operators. The benches 
have been made functionally efficient by allowing knee 
space for the operators by means of cubical openings 
under the benches; in this fashion, the operators can 
sit close to the equipment placed on the benches in the 

(Continued on page 180) 


Micro-Kjehldahl distillation apparatus used in 
the M. I. T. microanalysis laboratory 
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Industrial Oxygen 






By CLARENCE GREGORY, ’51 


HE production of cheap oxygen has always pre- 

sented a difficult problem to industry. Many 
processes, such as the production of synthetic gasoline 
from natural gas and the operation of the blast furnace, 
can be conducted more efficiently if oxygen gas of high 
purity is available. This has made the development of 
a cheap method of generating oxygen a major field for 
research during the past few years. When the war 
began, a means by which breathing oxygen for the 
crews of bombers could be manufactured during flight 
was desired. For this last reason especially, work on 
the development of a low pressure oxygen generator 
which would be small and which could produce pure 
oxygen was begun at the Massachusetts Institute of 
Technology. This work was conducted in the M. I. T. 
Physical Chemistry Laboratory under the direction of 
Professor Samuel C. Collins of the Mechanical Engi- 
neering Department. 

The final improved generator produced by the lab- 
oratory operates, save for one exception, according to 
a method basically the same as that devised by Claude 
at the beginning of the twentieth century. This method 
involves the distillation of liquid air. One part of the 
apparatus, the air compressor, operates at room tem- 
perature; the other, the still in which liquid air is sepa- 
rated into its principal components, functions at a 
temperature of almost 300 degrees below zero F. 
Between these two extends the all-important counter- 
flow heat exchange system in which heat is absorbed 
from the incoming warm compressed air by the out- 
going cold waste nitrogen and pure oxygen product. 
The compressed air arrives at the distilling column only 
a few degrees warmer than the nitrogen and oxygen 
leaving it. The waste nitrogen and pure oxygen emerge 
from the warm end of the heat exchanger only a few 
degrees colder than the compressed air entering. To 


Complete industrial oxygen apparatus with 
the generator in the foreground and the air 
compressor in the background 


S.C. Collins 





cool the equipment to the operating temperature level 
initially and compensate for the heat leak through the 
insulation, thereafter, an expansion engine is provided. 
It is motivated by compressed air just as a steam engine 
is by steam. External work is performed at the expense 
of the internal energy of the air. The expanded air is 
discharged from the engine at a lower temperature than 
that at which it entered. 

One of the problems in the liquefication of air has 
been the removal of high boiling impurities. These 
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S. C. Collins 
An exposed view of the oxygen generator. The 
coiled tubes in the background are part of the 
heat exchangers. Note the expansion engine in 
the lower left-hand corner 


include water, carbon dioxide, and lubricating oils from 
the compressor. These substances condense on the 
walls of the cooling system, and obstruct the flow of 
air. The first solution to the problem was the use of 
chemicals which would absorb these impurities. Later, 
cold accumulators, vertical towers containing strips of 
metal of great heat capacity, were developed. Two 
currents of gas passed through each tower alternately in 
opposite directions. Two pairs of these towers were 
used in each oxygen-producing unit. In one pair com- 
pressed air and waste nitrogen flowed while compressed 
air and oxygen passed through the other pair. Cold 
nitrogen or oxygen flowing for a short period of time 
through one of the towers sets up a temperature gradi- 
ent in the tower packing and becomes warmed to room 
temperature. During the next half-cycle compressed 
air flows in the opposite direction and becomes cooled 
by contact with the cold packing. The packing serves 
as storage for the heat or cold. Impurities deposited on 
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the packing while the compressed 
air is flowing are carried away dur- 
ing the next half-cycle by the oxy- 
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gen and waste nitrogen which have AIRCRAFT OXYGEN GENERATOR, 


a greater capacity for absorbing 
impurities in vapor form because 
of their lower pressure and conse- 
quent greater volume. However. 
this contaminated the oxygen pro- 
duced and made chemical purifica- 
tion of part of the air flow rieces- 
sary in some instances. 

The research carried on at 
M. I. T. yielded two new improve- 
ments in the system of generating 
oxygen. They are properly identi- 
fied as the reversing exchanger and 
the flexible rod expansion engine. 
These inventions have proved effi- 
cient enough to permit the opera- 
tion of the oxygen generator at 
from 80 to 175 pounds per square inch, as compared 
with 500 to 3000 pounds per square inch used in nearly 
all existing equipment. In addition, oxygen of extremely 
high purity is obtained without any further purification. 

The reversing exchanger differs from the cold accu- 
mulator in that the outgoing stream provides the heat 
capacity to absorb the heat contained by the incoming 
air so that no heat is stored in the metal. The reversing 
exchanger can be made much lighter and more compact 
than the cold accumulator. I[t usually contains three 
coaxial tubes which can transfer heat to each other 
readily. Compressed air flows through one of the annuli 
and is cooled by the return flow of cold waste nitrogen 
in the other. Oxygen flows in the central tube. Water 
and carbon dioxide, the usual impurities, condense on 
the walls of the annulus carrving compressed air. In a 
short time the valves automatically shift, permitting 
waste nitrogen to pass through the channel which has 
been coated by impurities. Since the nitrogen is under 


This oxygen generator complete with air com- 
pressor and gas engine stands only three feet 
high and weighs only 475 pounds; yet it can 
produce 150 cubic feet of oxygen gas per 
minute. It is the smallest unit of its kind 


having such a large capacity that exists 
S.C. Collins 
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very little pressure, it has a much larger volume than 
the compressed air. Therefore it readily absorbs the 
condensed impurites. In this way the nitrogen clears 
one channel while the other is being contaminated. 
The reversing exchanger thus removes impurities from 
the air while the air is cooled. 

Much care must be taken in the construction of the 
reversing exchanger. A large number of fins are pro- 
vided to insure enough surface for heat transfer and for 
the ‘condensation of most of the carbon dioxide and 
water. Each of the two annuli must have the same 
cross-sectional area and must present approximately 
the same resistance to flow. These requirements are 
necessary to keep the pressure in the distilling column 
at a constant level when the valves are switched. 

The Claude expansion engine, which has now been 
in use for forty years, is a low-speed machine of great 
weight per unit capacity. The piston is sealed by a 
leather cup similar to that used in a tire pump. It 
operates without lubrication. Because of the friction 
between the leather cup and the cylinder wall and the 
heat conduction along the massive support members, 
the Claude engine is of only moderate efficiency. Later 
machines have been equipped with non-metallic piston 
rings instead of leather cups with similar success. 
Kapitza designed an engine for very low temperature 
service in which neither cup nor rings are- used. To 
prevent excessive leakage, the power stroke was made 
in a very short time with a more leisurely return stroke. 
The motion was controlled by hydraulic means. Al- 
though the engine was very successful in performing its 
intended service, it was too complicated for commercial 
applications. Professor Collins, however, was able to 
design a piston and cylinder which fitted with ten times 
the pressure tightness of previous models. Nitralloy 
pistons and cylinders of great hardness operate without 
leather cup or rings and with almost no leakage. This 
was made possible by placing the expansion chamber 
beneath the piston head so that the piston rod is under 
tension instead of compression. This permits the piston 
to center itself in the cylinder without scraping the 
cylinder wall. Nitralloy is subject to little wear; 
engines have been used for 6000 hours without signs 
of scoring. 

The actual process of oxygen production in the 
M.I. T. generator begins with the compression of air 
to 150 pounds per square inch. The efficiency of heat 
conservation in this system is great enough to permit 
operation at very low pressures. From the compressor 


(Continued on page 176) 
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Boston to New York in Eight Jumps 


American Telephone and Telegraph Company Installs a Radio Relay System 
Between Boston and New York 


By EDWARD MULLERY, ’48 


N a summer day in 1941, I happened to be talking 
Q to the communications manager of an Associated 
Press bureau. We were discussing the possibility of 
using a radio relay network to transmit teletype mes- 
sages. “It will be a great day,” he said, in effect, “‘when 
someone builds such a network. Then A. T. & T. (the 
American Telephone and Telegraph Company) will 
have a little competition.” 

If he were counting on such a development, then he 
must have been sorely disappointed when the telephone 
company announced last November, with an appropri- 
ate flourish of newspaper advertisements, that it had 
completed the first permanent radio relay installation 
in the country, between New York and Boston. Thus 
A. T. & T. appears to have the new field well under 
control. 

Radio relay systems such as the one between Boston 
and New York have two purposes. One is to transmit 
the same sort of messages which are handled by ordi- 
nary telephone lines. The other is to transmit television 
programs between stations; this cannot be done by 
ordinary telephone circuits. 

In handling the usual type of long-distance com- 
munication, such as telephone and teletype messages, 
a radio relay system is tremendously effective. By 
using the carrier-wave principle, such a system can 
handle hundreds of messages at once. The initial instal- 
lation of carrier equipment on the Boston-New York 
system will handle 240 simultaneous messages, and it 
is expected that more channels will be added later. 

But it is in the transmission of television programs 
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Close-up of the new type microwave antenna used on Boston- 


from one station to another that the radio relay system 
really comes into its own. Television programs, unlike 
radio programs, cannot be sent from one station to 
another by telephone lines. They require such a wide 
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A cut-away sketch of type of re- 
lay station used between Boston 
and New York. Microwave an- 
tennas on the roof receive and 
transmit the signal. The radio 
equipment is on the second floor 
while emergency power facilities 
and storage batteries are on the 


first floor. 


band of frequencies that special 


=aEEnTniat .-—swmetthods have to be used for their 


transmission. Present radio relay 
equipment has a signal band width 
of approximately five megacycles; 
hence it can easily handle a tele- 
vision broadcast. 

As the television networks of 
the country expand, more radio 


links will undoubtedly be built; but 


tats eenades, they will have to prove that they 


saan 


can compete, economically, with an 
alternative means of transmission 
— the coaxial cable. Such a cable 
can handle wide frequency bands 
and can be used for both television 
(Continued on page 174) 
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Germany—1947 


Experiences of a Civil Engineer with the United States Army 
in Europe 


By WERNER H. GUMPERTZ, ’48 
Formerly Structural Engineer, Office of the Chief Engineer, European Command, United States Army 


HE luminous dial of my wrist watch shows mid- 

night, the hour of | gota The headlights of my 
jeep transform a hundred yards of superhighway into a 
glaring white band, stretching through plains, across 
hills and over rivers for mile after mile. The humming 
of the motor seems to have a strange effect on my eyes: 
they keep on closing. Then I remember the automobile 
accident witnessed on the previous 
day. My eyes stay open. I cover 
mile after mile; no soul is to be seen. 
Suddenly, I blink my eyes. A 
human figure stands in the middle 
of the road, gesticulating wildly. 
A man? No, a woman. The jeep 
slows down and finally stops. 

“Please, I can go mit you in the 
car, yes?” 

““Where do you want to go?” 

“Frankfurt!” 

“All right, hop in!” 

The jeep starts with a jerk and 
then gradually gains speed. Neither 
one of us talks. My companion 
stares straight ahead, clutching a 
small suitcase in her hands. Some- 
thing in the expression on her face 
makes me think of a lecture on the 
German underground movement. 
The lecture had not aroused my 
interest too much at the time. Now 
my right hand leaves the steering 
wheel and fastens around the .25 
caliber pistol in my coat pocket. 

“You American, yes?” 

I am about to admit that I am, 
when I recall a detective story I read 
some years ago. 

“No, I Russian officer, liaison with American Army.” 

I hope that I sound like Serge Ivanovitch from 
Dnepropetrovsk. My accent seems to pass the test. 

“Oh, you Russian. Good! I not like Americans. I 
like Russians. Russians good soldiers. Americans 
always afraid, yes?” 

“Mmmm...” 

“Soon, Russians come to American zone of Ger- 
many and throw stupid Americans out, yes?” 

“Mmmm...” 

sou hen, Russians stay and make Germans happy, 
yes?” 


eae 


The lower right shows the twisted northern end 
of the Karlsruh bridge. The main girder has 
broken off near the first intermediate pier seen 
at the upper right of the picture. 
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Werner H. Gumpertz standing 
beside one of the many German 
rodds he travelled 
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“Mmmm... 
“I very clever, I help you against Americans, yes?” 
My talkative protégé gives me a big smile. The 

manner of her approach B shatbe does not bear out 
the first part of her statement. The second part, how- 
ever, cannot be questioned in its sincerity. The prob- 
lem thus confronting me as a representative of the 
United States Occupation Force ap- 
pears to have but little resemblance 
to my previous experience, which had 
been confined to twisted steel gird- 
ers, blasted bridge foundations, and 
destroyed railroad tracks. Once 
more, the old detective story is 
called to help. What did the hero 
do at a comparable stage of the 
game? Why of course: after ingen- 
iously trapping the law-breaker, he 
took her to the nearest police pre- 
cinct and greeted the desk-sergeant 
with the sarcastic statement: “Here 
she is!” 

My companion seems to feel as 
safe as if she were on the market 
square of Voroshilovgrad. Minutes 
later, I turn off the superhighway. 
The self-styled Graschdanka is be- 
coming nervous: 

“‘Why not go on, please?” 

“IT want to give you a chance to 
talk a little more about those big 
plans of yours.” 

This oracular answer seems to 
= her at ease — temporarily. 

en we pull up in front of a Ger- 
man police station, her attitude 
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Temporary steel piers are prepared for the 
purpose of jacking the slanting bridge back 
into position 
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changes so considerably that I have to firmly assist her 
into the building. The German desk-sergeant listens to 
me and nods sympathetically: 

**Ja, ve vill hold her iff you wish.” 

I do wish. I give the policeman instructions to 
harbor his new guest until [ can notify the Military 
Police. My would-be ally shouts a string of doubtful 
compliments at me while I drive off. 

; Hours later, [ sit down at my desk in the Office of 
the Chief Engineer, European Command. This office 
is located in Frankfurt, Germany. Its staff is responsi- 
ble for construction activities in the United States zone 
of Germany carried out under the supervision of the 
United States Army. One branch of the office, charged 
with direct supervision of construction work, has a 
number of civil engineers who conduct periodic inspec- 
tions of pending projects. This group of inspectors is 
quite international in character, comprising an English- 
man, an Estonian, a Frenchman and a number of men 
from Holland, Belgium and other countries. One of 
them even hails from Brooklyn. An inspector might be 
confronted by problems dealing with any phase of engi- 
neering. (My experience related above indicates that 
problems of a different nature arise occasionally.) 
Within a short period of time, he may be called upon to 


The right-hand bridge has been lifted and 
awaits construction of the northern abutment. 


The twin bridge on the left is still on the ground 
Gus Mayer, 0.C.E., EUCOM 





work on projects involving bridges, highways, ware. 
houses, hospital rehabilitation, water supply and sewer 
systems, stone quarries, troop housing, electrical rin 
lines, airports, and drainage problems of hard standings, 
Inspectors have no command function but their respon. 
sibility is considerable, since the Theater Chief Engi- 
neer acts on their advice. Many small problems are 
straightened out in the field without ever going through 
army channels. The taking of such decisions gives the 
inspectors great opportunities to gain firsthand experi- 
ence on construction problems. 

Traveling is fairly simple. Transportation is effected 
by jeep, usually driven by the inspector himself. Army 
Messes and Transient Hotels are available in all major 
cities, and military units in small towns have their own 
facilities. 

Once installed at my desk, my mind wanders back 
to my nocturnal experience. The telephone rudely 
interrupts my thoughts: 
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The southern abutment, damaged on the 
right and leaning into the foreground, has 
one of its supports entirely gone 


“This is Schlenker calling from Dachau!” 

‘““What’s up, Schlenker, are you worried about that 
old open-joint water line again?” 

“No, I want to see you about that new roof truss 
for the Officers’ Club. The design came from the Munich 
Area Engineers’ Office, and it looks strange to me. I 
wish you could come down here.” 

“O.K., [ll try to get there as soon as possible; I 
know that Colonel Cole wants that building finished in 
a hurry. In the meantime you can go ahead and have a 
test beam prepared.” 

I walk over to the desk of my section chief. 

“Steve, Schlenker is in trouble about those new 
trusses. I would like to go and see what’s wrong.” 

‘All right, go ahead. Take a look at the Autobahn 
” idge in Karlsruhe on the way, and I understand there 
is something funny about the Neckar River bridge near 
Stuttgart. And the Intelligence Training Center at 
Oberammergau needs a technical inspection. How 
many days will you need, approximately?” 

“Ill be back early next week, if nothing goes wrong. 
I hope the jeep won’t break down as many times as on 
last week’s trip.” 

I go from the office to my room and pack my musette 
bag. Ten minutes later, | am back at the steering 
wheel, driving toward Karlsruhe. 


THE TECH ENGINEERING NEWS 





























































he hem ah wet... ak ott) lu [6 a ee kc ee 


— Pp = 


> Sess Oo LI MWe we cI 


is] 


0. 








ing 
gs. 
on- 
gi 
are 
igh 
the 


eri- 


‘ted 
my 
jor 
wn 


ack 
lelv 





iment 


hat 


russ 
Lich 


e. I 


d in 
ye a 


new 


abn 
vere 
lear 
» at 
low 


ng. 
; on 


ette 
ring 





Autobahn Association 


A general view of the destroyed Neckar River 
Bridge and the emergency bridge constructed 
on it, taken during a high-water period 


Karlsruhe is reached in two hours on the Autobahn. 
The bridge spanning the Karlsruhe railroad yards is a 
continuous plate girder twin bridge, consisting of three 
unequal openings. Material used is the famous “St 52,” 
a steel with an ultimate strength of 74,000 lbs. /sq. in. 
Because of the relatively small moment of inertia, the 
girders have a greater deflection than usual. The two 
end abutments have been blasted. The northern one 
has crumbled completely, causing 
the downfall of the bridge end and 
rupture of the main girders close 
to the adjoining intermediate pier. 
The southern abutment has been 
blown from its base and is leaning 
toward the inside. The bridge gird- 
ers are dislocated from the bear- 
ings and rest on the leaning con- 
crete pier in a haphazard fashion. 

Driving by, I remember the dif- 
ficulties connected with the recon- 
struction of this bridge. One prob- 
lem is presented by the twisted 
northern end of the bridge itself. 
The end cross beam, the stringers, 
and the intermediate cross beams 
underneath have formed a very 
stiff cellular network, holding the 
main girder in its twisted shape. 
The German engineers plan to cut 
off the entire end of the bridge, re- 
placing it with the end of the 
parallel twin span which is to be 
abandoned. It appears, however, 
that this procedure will mean a 
considerable waste of time because 
of the complicated cutting and 
replacing processes involved. Thus, ss 
I suggest that the main girder be a 
disconnected from the lateral braces and be straightened 
out without the application of heat. This method was 
used and resulted in the speedy and satisfactory repair 
of the damaged end. The southern abutment, leaning 
dangerously, appears to be held up only by the weight 
of the bridge resting on it. Temporary supports for 
the bridge are already in preparation, so that the girders 
can be lifted off the piers and set back on the proper 
level. ‘ 

In a meeting with the American officer in charge 
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and his German assistants, we discuss the various prob- 
lems. After obtaining routine statistical information on 
the project, our attention turns to the main engineering 
problems, especially that of the leaning abutment. The 
resident engineer intends to raise the end of the bridge 
from the pier in order to attempt to set the broken 
abutment back on its foundation in a vertical position. 
This is a very daring undertaking since it can not be 
ascertained in advance whether the leaning pier is not 
held upright solely by the weight of the bridge resting 
on it. However, this plan was eventually carried out 
successfully with the help of hydraulic presses and a 
complicated system of steel rolls. Today, the pier is 
doing full service again, supporting the original bridge 
which has been repaired and straightened. After taking 
some short notes I proceed to Stuttgart where I stay 
overnight. The evening in the hotel is used to write 
the official report about this bridge. 

Early next morning I proceed to the Neckar River 
Bridge where “something funny” is supposed to be 
going on. That is decidedly an understatement. The 
“bridge” is a wooden emergency structure built on top 
of the original reinforced concrete structure which had 
been blasted by retreating German troops during the 
last days of the war. Most of the rubble is in the water 
and forms a very poor foundation for any kind of 
bridge. Consequently, the wooden superstructure had 
settled considerably until it looked as wavy as the 
ocean. Intermittent floods of the Neckar River had 
speeded up the settling process, so that finally some- 
body had erected a third bridge on top of the second 


A counterbalance used on the Neckar River Bridge to hold one 
of the arches and counteract the one-sided thrust until the neigh- 
boring arch had been reconstructed 


Autobahn Association 
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one to keep the roadway level. The settling continued, 
however, and maintenance crews had erected obstacles 
on alternate sides of the bridge deck to force all vehicles 


», to slow down. The whole contraption looks like Rube 
oe nightmare. With some apprehension I 


egin to examine the structure from underneath. The 

stringer .I-beams are supported by cross beams. One 

of these cross beams is held on the slanting deck of the 

destroyed bridge by a block of concrete. A great crack 
(Continued on page 162) 


157 


















































































i i 


aS es 


‘ 7. A 


ect nee eer 


id 
*e 


Directly above is a view of a Swiss bridge. ‘ 
one on the Gotthorel railroad crosses a side w 
near Amsteg. To the right of this we see 


used to be the business center of the Dutch sed 
of Rotterdam before the Nazi planes gave 
taste of German ‘“‘culture.’’ Below this view 
Rotterdam is a scene of war-torn Cologne. 
famous cathedral, though burned out, re 
standing, but the WNohenzollern Rhine } 
Bridge lies in the river. 

In the lower left-hand corner appears a pictu 
the cogwheel train near Garmisch. It is 
about to enter the long tunnel leading up to 
summit of the Zugspitze. Below is the floi 
trolley travelling above the Wupper River 
Germany. 
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Grom the Editor's Netetock 


A while back, Dick Ahern dropped into the T. E. N. 
office and started talking to us about modern architec- 
ture. As he went on, always illustrating his points with 
examples and citing many architects as proponents of 
this or that school of thought, we immediately realized 
that here was a man who could really write an article 
on modern architecture. Dick worked on his article 
during the fall and even during Christmas vacation at 
his home in Washington, D. C. When he had finally 
written it so that it satisfied him, he turned in his 
‘““New-Found Forms” to us. Dick says he has wanted 
to be an architect himself ever since he can remember. 
As you might guess, he is in M. I. T.’s five-year Arch- 
tecture Course, which finishes in June of 1951. How- 
ever, this is Dick’s first year at the Institute. After 
getting discharged from the Navy Dick entered the 
College of Engineering at the University of Maryland 
in September, 1946. Then last September, he trans- 
ferred to M. I. T. 

Dick Spencer, an old-timer when it comes to 
writing articles for the T. E. N., first joined the staff 
back in July, 1944, when he entered M.I.T. as a 
Freshman. Dick had just graduated from high school 
in his home town of Winchester, Mass., but it did not 
take him long at Tech to become one of our authorita- 
tive authors. His first piece of work was on radio 
signal systems. In February, 1945, Dick joined the 
Navy, and it was not uatil September, 1946, that he 
returned to the halls of M. I. T. and also the T. E. N. 
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office. Immediately he started writing again. We 
received articles whose subjects ranged from heating 
systems to radar. Dick, an enthusiastic piano player, 
decided this fall to study a bit of the physics behind 
harmony, and his articie in this issue resulted. Dick 
now is in his fourth year in the electronics option of the 
Electrical Engineering Course. However, since he is in 
the co-operative program, which takes five years, we 
are all looking forward to seeing what else his agile 
mind will find to write on during the next year. 

A new member of the T.E. N. Literary Staff, 
Marc Alfandry of the Class of 51 combined a liking 
for chemistry with one for writing. “The Microanalyti- 
cal Laboratory of Today” is the result. Marc originally 
hailed from Egypt where he had all his pre-college 
training. He served in the United States Army from 
1946 to 1947. Last fall he entered M, I. T. as a student 
of chemical engineering. 

Another prospective chemical engineer wrote the 
article on industrial oxygen generators. Clarence 
Gregory came to Tech last September after graduating 
from Brunswick School, Greenwich, Conn. While a 
senior at that school, he was one of the forty national 
winners in the Westinghouse Science Talent Search. 
His prize winning paper was entitled “Molecular 
Weight Determination by the Boiling Point Method.” 
With such a recommendation for Clarence, we of the 
T. E. N. were more than pleased when he decided to 
write for us. 
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Controversial issues are always coming up, 
and we are called upon to take a stand one way 
or the other. However, there is more to it than 
merely deciding whether or not we are in sym- 
pathy with the particular method of handling 
a problem that confronts us. It is vitally im- 
portant to classify problems as to how crucial 
they are. The evaluating must first come on 
this level, because action for meeting one per- 
plexing issue may well interfere with that 
designed to meet another. All too often suffi- 
cient time and thought is not given to deciding 
the urgency of the various issues. Thus a man 
may feel called upon to support the demobiliza- 
tion of the armed forces and at the same time 
wish that the United States take an active part 
in maintaining international peace. Though he 
believes in both ends, should the methods used 
to attain either exclude the other, then he must 
decide the relative importance of each issue. 


Along these lines, there is real cause to 
re-examine the order in which critical issues. 


now facing the people of America, are placed. ~ 


As citizens and as future leaders, we students 
at M.I. T. should try to decide what kind of 
a country as well as what kind of a world we 
wish to live in. It can not be denied that the 
international situation is serious and it pre- 
sents many disturbing problems. We certainly 
hope that the spirit of isolationism will never 
again take hold of the American people; but 
we still ought to consider how we take part in 
world affairs. 


The present fear of future wars and of 
nations likely to start such wars is one of the 
strongest forces working on the American scene 
right now. The major nation whose motives 
we doubt and whose military power we fear is, 
of course, Russia. There may well be just cause 
for some of this, but the psychology of fear is a 
dangerous thing in itself. It puts us on the de- 
fensive right off and hinders constructive think- 
ing. It takes a hold on the mind which is far 
stronger than its importance alone should allow. 

Aside from the fear itself, what action is it 
driving us to take? Should we have to drop 
action on domestic issues and give up certain 
valuable attributes of the type of society we 
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are trying to protect, we shall have lost already. 
If it is necessary to turn the United States into 
a military nation in order to protect a way of 
life where the individual counts, is not that 
admitting our loss? If the victory is worth 
attaining, there must be other ways of winning 
it than by adopting the techniques of those we 
wish to defeat. It is not enough to say that 
the end justifies the means, for if the means 
excludes some other end we desire, we have 
gained nothing. 


Four Years, Chen? ... 


Deciding the order of importance of prob- 
lems is not limited to the Tech student as a 
citizen of the United States; it is also part of 
his daily routine. Quite often as a student, he is 
called upon to do more than he is physically 
able to do well. The situation arises where he 
must decide what is important and worth 
while. The faculty may bear most of the bur- 
den of deciding how the student shall spend 
each day. Yet every day he decides to a cer- 
tain extent where he shall allocate his timé, and 
this should be more than just a daily process 
governed by which subject has the next quiz. 
Whether you are at M. I. T. to obtain an edu- 
cation which is sufficiently well-rounded for 
your purposes or whether you are here merely 
for the professional training, it is absolutely 
necessary that you look to the future and decide 
what type of person you wish to be at the end 
of four years at Tech. If you leave to the fac- 
ulty the complete decision and responsibility 
for what type of man M. I. T. turns out, you 
may be disappointed when graduation comes. 
Making your own decision as to what you want 
to get out of your four years of college may 
cost you something in the way of your cumu- 
lative or your social life. Be that as it may, 
there should be more behind your decision on 
how to spend your nights than which home 
work assignment is more pressing or which girl 
you most wish to see. 

E. T. M. 


161 





















































GERMANY — 1947 
(Continued from page 157) 


runs through that block from the edge of the I-beam 
to the other side, indicating shearing action, while the 
I-beam itself is slanting already. It appears that the 
next heavy truck might cause the block to shear off 
completely and bring the whole bridge crashing down. 
On the other side of the bridge the timber bents had 
also been built on the deck of the original bridge. 
Closer examination of that:deck reveals that it is sup- 
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The big piece of debris from the destroyed 
Neckar River Bridge is settling into the river 
bed, and the I beam supporting the stringers is 
only precariously held by a piece of concrete 
which is visibly cracked 


ported on one side in a precarious fashion by some 

ieces of broken concrete, mostly by virtue of friction 
een the various pieces of rubble. The other side 
rests in the muck of the river bed. Other parts of the 
bridge do not look much more trustworthy. There is 
no maintenance crew available, but I locate a German 
engineer working on the rebuilding of the adjacent 
destroyed span. He tells me the location of a suitable 
detour, so I put in an urgent call to the transportation 
section of Military Government in Stuttgart. I tell 
them about the situation and recommend to close the 
bridge to all traffic immediately. This is done with dis- 
patch and the necessary arrangements for the use of the 


Note the three bridges on top of each other. 
First makeshift timber construction was used 
on the deck of the destroyed bridge. When this 
had settled far enough, concrete blocks were 
placed on top and a third bridge laid across 


them Werner H. Gumpert: 


















detour are made. In a subsequent conference I sug. 
gested that a Bailey bridge be erected with better pile 
foundations, to accommodate the traffic until such time 
when the permanent structure could be completed. 
Upon request of the Military Government engineer | 
made arrangements for the loan of the necessary Bailey 
bridge panels and some heavy equipment not available 
to Military Government. Work had to be done fast, 
as the flood period of the Neckar River was approaching 
and the rubble in the river channel would obstruct the 
flow of the water thus causing scouring under the bridge 
abutments. Actually, during later inspections it was 

ossible to have the debris in the channel removed just 
before the spring floods set in, thus avoiding further 
damage. Presently, the Bailey span was installed, 


A view of the western abutment of the Neckar 
River emergency bridge before settling began 


Autobahn Association 





giving satisfactory service until the completion of the 
permanent bridge. 

The next stop is Dachau, about one hundred miles 
to the southeast. The former concentration camp at 
Dachau is now used to detain German bigshots. Many 
of them are being tried here by United States Military 
courts for crimes against humanity. It is strange justice 
that these trials should be held in the camp where 
Germans have committed the most revolting atrocities 
for almost twelve years. 

Mr. Schlenker, the post engineer, whose telephone 
call started me on this trip, had been in command of 
one of the combat engineer units that had captured 
Dachau. Due to the trials being conducted here and 
the establishment of a prisoner of war discharge center, 
the staff of the camp has increased considerably and an 
annex to the officers’ mess has become necessary. The 
office of the Munich Area Engineer (a unit subordinated 
to the Office of the Chief Engineer in Frankfurt) has 
designed the annex, and construction has now started 
after considerable delay due to changes in procedures 
for project approval. The roof truss of the annex to 
the mess hall must be very low in depth so as not to 
obstruct some windows on the second floor of the main 

(Continued on page 164) 
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Winding wire 
@ on a “wedding ring” 


This is the “Sea Breeze,” a machine developed by 
Western Electric engineers. It solves the problem of 
winding wire half the thickness of a human hair on a 
toroidal core the size of a wedding ring. Compressed 
air drives the flyer which maintains the wire under 
positive tension at all times, winding as many as 
40,000 turns of #46 wire on the core. It winds finer 
wire than any previous machine, lays turns more uni- 
formly, winds a wider range of wire sizes, increases 
efficiency in utilization of winding space and permits 
the manufacture of coils half the size of those previ- 
ously possible. 
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Metal welding 
that saves millions > 


Here, palladium and nickel tape are welded together 
at the rate of 400 feet an hour. Tiny bars are later 
snipped from this bi-metal tape and used to replace the 
precious pinhead-size platinum rivets once used as 
contacts in Bell System relays. These contacts, which 
minimize noise in telephone conversation, are used by 
the billions in relays that perform switching opera- 
tions. The use of this bi-metal tape... devised by Bell 
Telephone Laboratories scientists and produced on 
machines developed by Western Electric engineers 

. saves millions of dollars a year in the cost of 
producing telephone equipment. 








Engineering problems are many and varied at Western Electric, where 
manufacturing telephone and radio apparatus for the Bell System is the primary 
job. Engineers of many kinds—electrical, mechanical, industrial, chemical, 
metallurgical—are constantly working to devise and improve machines and proc- 
esses for mass production of highest quality communications equipment. 


Western EJecfric 
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AN OKONITE 
‘““TWIST’’ ON 
CABLE TESTING 


Okonite research includes 
subjecting short lengths of 
electrical cable to torsion 
tests (pictured above), twist- 
ing them through a spiral. arc 
of 180° under a heavy load. 

Bending tests, impact tests, 
tests of wear-resistance by 
abrasion — these are a few of 
the mechanical tests which, 
along with electrical, chemical 
and weather-exposure tests, 
complete an integrated pro- 
gram of performance checks. 
From its results comes infor- 
mation which Okonite engi- 
neers translate again and 
again into wire and cable 
improvements that mark 
major advances in the field. 
The Okonite Company, 
Passaic, New Jersey. 
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GERMANY — 1947 
(Continued from page 162) 


structure. After an examination of the plans it becomes 
apparent that the design is not sound. One test beam 
has already been constructed according to the plans, 
and we proceed to subject this beam to a test load. 
When the weight placed on the beam reaches fourteen 
per cent of the designed load, the beam fails. Since it 
is essential to finish the building as rapidly as possible, 
a new design has to be secured at once. I therefore 
decide to call my home office in Frankfurt and take up 
the matter with our designers. I explain the situation, 


A wooden roof truss in the Dachau Camp 
which failed under fourteen per cent of its 
capacity load 
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BEHIND IT...A LITTELL REEL 


Engineers are aware of the tremendous mechanical 
problems involved in the manufacture of even such 
a commonplace thing as the telephone. “Behind” many 
of its intricate parts, you will find a Littell Reel, 
efficiently playing its part in helping provide 
accurate, economical stampings. 


(LITTELL 





LITTELL MACHINE CO, 


CHICAGO 13, ILLINOIS 


giving them all necessary data and measurements. The 
chief designer asks me to call him back within twenty 
minutes. When I call for the second time, he has made 
a complete design of a new timber truss, and gives me 
all measurements over the telephone. I make a sketch 
of the new telephone-transmitted design and hand it to 
Mr. Schlenker. Construction of the new truss is started 
the same day and completed without further incidents. 
Now I take the opportunity to inspect the new water 
supply line. Construction of this line has been held 
up by the lack of a few hundred feet of concrete pipe. 
A routine inspection of all engineering work and facil- 
ities follows and a number of minor details are taken 
up before I prepare the final report on my inspection of 
Camp Dachau. 

While writing my report in the afternoon, I sud- 
denly remember that this is Saturday. Civil engineers 
in Europe, too, have free week-ends. The report will 
have to wait until Monday. I climb into my faithful 
jeep again and, a few hours later, arrive in the famous 
winter resort of Garmisch, the scene of the 1936 Olympic 
winter games. A cogwheel mountain railroad takes me 
to the top of the Zugspitze, the highest peak in the 
German Alps. After approaching the foot of the moun- 
tain, the train enters a tunnel and winds its way to the 
top without once coming into the open. The terminal 
is located somewhat below the peak, and the summit 
is reached by cable car. The view from there is very 
impressive, and includes a great part of the Austrian 
as well as the German Alps. Back in the valley, winter 
sports, entertainment and breakfast in bed make me 
forget that I am quartered in an Army hotel. 

On Monday morning I arrive at the European 
Theater Intelligence School. I find that the post engi- 

(Continued on page 166) 
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Show a jury photographic evidence... 
they're pretty sure to recognize its authen- 
ticity. The camera, they know, records 
exactly what it “sees’—no more, no less... 
reports impersonally, without. prejudice. 


Because this is so, photography is called 
upon to authenticate throughout business 
and industry. 

In business, Recordak microfilming verifies 
banking transactions . . . authenticates billing 
procedures. 

In the laboratory, high speed movies confirm 
working theories. 

In advertising, photographic illustrations 
attest products’ beauty and utility. 

In selling, motion pictures convincingly 
demonstrate product and product-promise. 

In engineering, Kodagraph papers repro- 
duce drawings—no matter how detailed— 
with photographic accuracy and completeness. 

In the foundry, radiography establishes the 
soundness of castings, of weldments. 

And your business—? Why not make sure it 
too is taking full advantage of the things 
photography can do because it authenticates 
... because of its other special abilities? To 
check up, write for “Functional Photography”; 
it’s free, of course. 


Eastman Kodak Co., Rochester 4, N. Y. 


Functional Photography 


is advancing business and industrial technics 
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GERMANY — 1947 
(Continued from page 164) 


neer is an old friend of mine, who soon proceeds to tell 
me of his many woes. Like most local engineers, he 
complains that his post is neglected by the “Chief’s 
office.” He cannot get hardwood flooring for the gym, 
nor enough draperies for improving the acoustics of the 
movie theater. No special engineering problems 


The interior of one of the large warehouses in Hanau, showing 
the Bailey Bridge panels used as roof trusses. The rest of the build- 


ing is of reinforced concrete frame with concrete block walls 
Office of Chief Engineer, Construction Division, Frankfurt 








develop, and the discussion centers mainly around main. 
tenance supplies. I do my best to explain the overall 
supply situation and to prove that this post is not being 
unduly neglected. 

When i leave Oberammergau, my mission is com. 
pleted. While driving back to Frankfurt, I think about 
many other trips I have made in the past. There is the 
Engineer depot in Hanau, where Bailey bridge panels 
are used as roof trusses in the big warehouses. In 
Wuppertal near Cologne, there is the famous “floating 
trolley,” which is suspended from a steel structure 
above the streets and the Wupper River and serves as 
a rapid transit railroad traversing the length of the 
whole city. Then there are the Rhine River bridges 
destroyed during the war. Rotterdam, devastated dur. 
ing the “Blitz” in 1940 by the Germans is still a sad 
sight. Switzerland is a fascinating country for an engi- 
neer with its many bridges and mountain roads. The 
famous double track Gotthard railroad crosses the 
Alps on many bridges and tunnels to connect Central 
Europe with Italy and the Mediterranean. I had the 
opportunity of visiting my old alma mater, the Swiss 
Federal Institute of Technology in Zurich. Trips to 
Holland, Belgium, Luxembourg and France gave 
further opportunities to study a multitude of civil 
engineering structures. 

I am sure that some of my readers are interested 
in the professional aspects of working with the Army 
overseas, and where the young engineer fits into the 
picture. Surroundings as well as working conditions 
are quite different from what one expects to find in this 
country. I will therefore mention some of the problems 
that I have encountered while in Germany as a struc- 
tural engineer. 

A resident engineer is usually in charge of a detach- 
ment of Army Engineers. The actual work is carried 
out by German labor employed directly or by local 
contractors. American enlisted men serve as construc- 
tion supervisors, truck drivers and operators of the 
United States Army construction equipment. The 
representative of the Office of the Chief Engineer acts as 
inspector and technical advisor. Since he is acquainted 
with a great variety of construction projects, he has 
opportunity to judge and compare methods and prob- 
lems, to be familiar with the supply situation in the 
different regions of the American zone and to apply 
this knowledge advantageously to 
the project visited. After a while 
he also grows familiar with the 
various personalities engaged in 
construction activities all over the 
zone and can sometimes straighten 
out personal and administrative 
difficulties between the people con- 
cerned. Finally, he is the “watch- 
dog” of the organization, charged 
with the great responsibility of see- 
ing that all public funds are used 
economically and efficiently with- 
out undue help to local interests. 
During my inspections I had nu- 
merous opportunities to stop certain 
phases of work that were not in the 
interest of the occupation, but 
desired by high-pressure native 
groups. Sometimes I could also be 
of help in obtaining indigenous 
labor in areas of labor shortage and 
in acting as liaison agent with local 
government agencies. 


(Continued on page 168) 
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Homestead 
Lever-Seald 
Valve—for 
handling fluids 
at high pressures and 
temperatures—one of the 
multitude of Homestead Valves 
for all types of applications. 


FOUNDRY 
MODERNIZATION 


Foundry modernization is a continuing project 
at Homestead Valve Manufacturing Company, 
Inc., Coraopolis, Pa., because Homestead engin- 
eers have since 1892 kept their sights set on mod- 
ern productioneering equipment and methods. 

And, in their research, these engineers have 
investigated fuels and combustion techniques 
as they apply to foundry practice. As a result 


the productive flames of GAS are increasingly 
AMERICAN GAS ASSOCIATION 


420 LEXINGTON AVENUE, NEW YORK 17, N. Y. 


GAZ 


THE TREND IS 
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Gas-fired ““SKLENAR” 
Furnace for high- 
speed melting of fer- 


rous metals. 


Sectional Gas-fired 
core-drying oven. 


important and more extensively used in Home- 
stead’s production lines. 

Modern Gas-fired Foundry Equipment, such 
as the ‘‘SKLENAR"’ furnaces for ferrous metal- 
melting, utilize the special characteristics of 
GAS—flexibility, controllability, speed. This 
saves equipment space, melting time, and lining 
maintenance. Operating at 2700° F. these fur- 
naces have a capacity of one ton heat per hour, 
and 160 heats per lining—evidence that modern 
Gas Equipment is really productioneering 
equipment. 

But this is not the only GAS application 
in the manufacture of Homestead valves. 
Core ovens, annealing furnaces, and non- 
ferrous crucible furnaces are all heated by 
the provecerre flames of GAS. In modern 
oundry practice is the logical fuel for 


all heating and heat-treating operations. 
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GERMANY — 1947 
(Continued from page 166) 


Very few graduate American engineers are available 
to do designing and to act as construction supervisors. 
Most Army engineer officers are also bogged down in an 
amazing amount of red tape and general military duties. 
As a result the young engineer is often given responsi- 
bilities far beyond his age and corresponding experience. 
Consequently he will have the valuable opportunity to 
prove that he is able to discharge his duties efficiently, 
while he might be assigned to minor or routine tasks 
when working in this country. As a rule the trust put 
in these young engineers has been entirely justified, and 
a great number of successfully completed contruction 
projects bear testimony to that fact. 

Some of the disadvantages should also be pointed 
out. Work overseas is performed in a certain isolation, 
since there is no opportunity to meet with members of 
the great domestic engineering and construction firms. 
A prolonged stay overseas would therefore cause the 
young engineer to lose contact with conditions in this 
country. There are some basic differences in engineer- 
ing conceptions between present-day Germany and the 
United States. While financial considerations here are 
tantamount, requiring the most efficient machinery and 
economy in the use of labor, the goal in Germany is to 
spread the small amount of material available as far as 
possible, even if this means the waste of time and skilled 
labor. Improvisations, unprepared changes and unor- 
thodox methods are often required and successful when 
the same course of action in this country would mean 
the economic failure of the project concerned. 

There is of course frequent contact with German 
engineers on whom the Army engineers often have to 
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Chickens Daily with 























































Part of the Poultry 
Processing Line 


2) 
Refrigeration 
_ They do it in the new plant of 
» the Southern States Eastern Shore 
| Marketing Cooperative, at Salis. 
bury, Md. e@ Here 56,000 birds are 
kept on hand; the entire daily pack 
is cooled to 35°F, and half the 
chickens are quick-frozen at minus 
35°. One of the storages is kept 
at 32°, the other at minus 5° 
each holds 200,000 Ib. of poultry 
Up to 25 tons of ice are made per 
day, for precooling and shipping 
H purposes. @ Frick Refrigeration 
+ handles all the cooling work. If you 
want to be “in the know" on the 





Frozen Chickens in 
—-5° Storage 


latest quick-freezing methods, write 
for Frick Bulletin 147-B. 















Frick ,.fo 


WAYNESBORO, PENNA 





Two of the Four Frick 
‘ompressors 


rely heavily. Some of these people have good training, 
but they are set in their ways and believe in doing a 
thing “just so” because they have always done it that 
way. Politically and morally very many of them are 
unreliable and time and again will try to use the Ameri- 
cans for their own purposes. Some of them actually 
have the attitude — carefully concealed — “why should 
we superior people work, if we can make those American 
suckers do it?” Some designers working in American 
offices with little supervision have turned out inade- 
quate designs resulting in the failure of structures — 
a case of gross neglect, incompetence or a subtle form 
of passive sabotage. Unless closely checked, the Ger- 
mans might give an amazing amount of misinformation 
about all phases of the work. 

To sum it all up, it has been an interesting time and 
I have gained valuable experience. But I realize how 
much human misery has been necessary before it was 
possible to occupy Germany. I only hope that we will 
do a good job now to remove the constant menace of 
war from our lives. 





NUCLEAR POWER 
In the March 
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owhere in the world are eleva- 

tors as luxurious—eficient—and 
safe—as in America. Nowhere are such 
ingenious improvements made so con- 
sistently . . . so rapidly. 

The ancestor of elevators—a crude 
basket attached to the end of frayed 
rope—sti// is in daily use—the only 
access to some monasteries in Greece. 
Powered by monks, fifty of whom 
could not do what a little slip of a 
girl does with one hand, these “ele- 
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vators” try the nerves of brave men. 

American ingenuity, born of in- 
dividual enterprise, and nurtured by 
free competition, not only gave us the 
world’s best elevators, it gave us a 
great industry employing thousands of 
men and using the products of a score 
of other industries. 

The wire rope industry is not among 
the least of these. 

Roebling engineers have kept pace 
with the designers of “lifts” ever since 


the first American elevator was in- 
stalled with a Roebling elevator rope 
—back in the early 1860's. 

Today, Roebling Special Traction 
Steel Elevator Rope enjoys the well- 
earned confidence of hoisting engineers 
the world over. 


JOHN A. ROEBLING’S SONS COMPANY 
TRENTON 2, NEW JERSEY 


Branches and Warehouses in Principal Cities 
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NEW-FOUND FORMS 
(Continued from page 147) 


for if an interior could be logically arranged in a rectan- 
gular plan, and if buildings need not conform to the 

ound, then a simple exterior could be achieved. Cor- 

usier restrained facades to a play of rectangles, and 
reduced buildings to box-like simplicity, a far cry from 
Rococo and Victorian “gingerbread.” It was Purism 
—a return to the geometric patterns that Plato loved 
so well. Corbusier’s buildings are complete in them- 
selves — unrelated to the earth, even to the point of 
having gardens on the roofs. 

Diametrically opposed to Le Corbusier is Frank 
Lloyd Wright, an architect who was inspired by Nature, 
and felt that people are not close enough to it. Unlike 
Corbusier, Wright designs buildings to fit the ground; 
to get closer to earth by stressing horizontal lines; to 
bring the “outside in and the inside out”; living terraces 
are put outdoors. Local stone and wood further inte- 
grate building with earth. Wright fulfills John Ruskin’s 
plea, again of 1840, for an “architecture of nations as 
it is influenced by their feelings and manners, as it is 
connected with the scenery in which it is found and 
with the skies under which it was erected.” As one 
walks freely through the woods, so can one freely travel 
through the house, for it is no longer divided into rooms 
— the plan is freed from convention; walls are arranged 
to give that sense of spaciousness so typical of Wright’s 
buildings. Construction is not paper-thin as in Le Cor- 
busier’s buildings, but is massive. Since the floor plan 
is related to the ground, the buildings lie casually on 
the earth. Nothing is forced into box-like shape, rather 
is each interior space recognizable on the exterior as a 
separate volume. Richness of composition results. 

Le Corbusier has severed with tradition, whereas 
Wright’s structures show steady evolution to a new 
style where classical principles are still retained — pro- 
portion; repetition of a building element; dominance of 
the building by an entrance, a dome, or veranda; and 
evolution from one end of a building to a point of 
climax, which would be the dominant feature. Sym- 
metry is superceded by balance. Decoration is once 
again a creative, not an imitative, art. Materials are 
chosen not only for their functional purpose, but for the 
way they harmonize with each other and to the environ- 
ment. As a result there is no prototype structure, but a 
regionalized architecture. A house on the desert seems 
to belong on the desert, and a house nestled among 
green hills seems to belong there. There is contrast of 
colors, contrast of emphasis of direction, and counter- 
play of light and shade. 

It is one thing to look at a building and another 
thing to walk through it. Wright recognizes this fact 
by relating walls, windows, and ceilings to the motion 
of a person, so that pleasant sensations are aroused as 
one moves from an area of semi-darkness to a light area, 
or from a low level to a higher level. A new vista con- 
fronts one at every turn. 

But there must be something in common between 
Corbusier and Wright. There is. Both men believe 
that structure is not to be hidden. Columns are re- 
garded as elements of beauty. But the manner in 
which these columns are arranged and designed creates 
different effects in each case. 

The most revealing difference between Wright and 
Corbusier lies in their theory of city planning. Corbusier 
thinks in terms of large housing projects with identical 
apartment houses arranged in systematic order. He is 
the champion of urbanism, the proponent of efficient 
living as a function of orderly planning. His buildings 
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are the very essence of the simple and efficient life; they 
are a manifestation of regimentation. 

Frank Lloyd Wright’s conception of planning is one 
of town and country blended together, with an occa- 
sional dwelling unit, surrounded by smaller units. It is 
the idea of a life that is enriched by variety of experi- 
ences. He is against any unnecessary regulation over 
planning and design, for that would destroy the crea- 
tiveness that comes with individual inspiration. His 
buildings, whether they are costly or economical, are 
for those who would live luxuriously. 

It is significant that the greatest influence of Cor- 
busier on other architects is in the design of public 
buildings (it is obvious in the design of the United 
Nations Center in New York, for which he is one of the 
architects), whereas Wright’s greatest influence has 
been on the design of the house — the domain of the 
individual. 

Other Leaders 

Walter Gropius, now in our country as head of the 
Harvard School of Architecture, believes, much the 
same as Corbusier, that the plan should be subjugated 
to the simplest perimeter, where it is practical, for the 


sake of economy. He also prefers a scheme of black. 


and white to a color scheme, and believes that variety 
in a Lae is preferable to variety of form. 

ies van der Rohe, now head of the Department 
of Architecture at the Illinois Institute of Technology, 
believes in precision of construction and good crafts- 
manship as essential features of good architecture, 
whereas Wright employs local craftsmen, who are 
familiar with the local materials that he uses. Van der 
Rohe is noted for the freedom of plan he achieves 
within a simple, rectangular building. 

William Wilson Wurster, Dean of M. I. T.’s de- 
partment of architecture, also believes in using local 
materials, rather than the exotic metals and stones that 
van der Rohe likes to use. Dean Wurster feels that 
we should not impose the buildings of our age on suc- 
ceeding generations, for whom they will be outmoded, 
but that we should build for the present generation. 
His buildings, predominantly houses in California, are 
adapted to the landscape, with facilities provided for 
maximum outside-inside living. 

There are many architects who specialize in design- 
ing “modern” homes that have utmost heating effi- 
ciency, ideal orientation, and any of the other advances 
of modern science. Many use the new “tools” of modern 
architecture in the most efficient manner, without much 
philosophy of design, in the belief that an element if 
used functionally will, by necessity, be pleasing. 


The Conflicts 


Contemporary architecture is composed of modern 
architecture and eclectic architecture. In modern 
architecture there is no one trend; in contemporary 
architecture there is a steady trend toward modern. 
As more modern is built, people realize that what they 
once thought was the modern is actually only one phase 
of modern. They realize they have a choice between 
Corbusier, Wright, or an “in-between.” 

Modern architecture has the potentialities of a great 
architecture. The machine age presented new problems 
to architecture; it was modern architecture that showed 
they could be solved by new structural concepts. It 
has shown that it can so arrange its new structural ele- 
ments to be intensely expressive of two antitheses, col- 
lectivism and individualism, which are the struggles of 
our modern world. The outcome and future trends of 
architecture will depend on the philosophical, religious, 
political, and economic struggles that exist today. 
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“Our American concept of radio is that it is of the people and for the people.” 


Freedom fo LISTEN — Freedom fo LOOK 


As the world grows smaller, the ques- 
tion of international communications 
and world understanding grows larger. 
The most important phase of this prob- 
lem is Freedom to Listen and Freedom 
to Look—for all peoples of the world. 


Radio, by its very nature, is a medium 
of mass communication; it is a carrier of 
intelligence. It delivers ideas with an 
impact that is powerful . . . Its essence 
is freedom—liberty of thought and of 
speech. 


Radio should make a prisoner of no 
man and it should make no man its 
slave. No one should be forced to listen 


and no one compelled to refrain from 
listening. Always and everywhere, it 
should be the prerogative of every lis- 
tener to turn his receiver on or off, of his 
own free will. 


The principle of Freedom to Listen 
should be established for all peoples 
without restriction or fear. This is as 
important as Freedom of Speech and 
Freedom of the Press. 


Television is on the way and moving 
steadily forward. Television fires the 
imagination, and the day is foreseen 
when we shall look around the earth 
from city to city, and nation to nation, 


as easily as we now listen to global 
broadcasts. Therefore, Freedom to Look 
is as important as Freedom to Listen, for 
the combination of these will be the 
radio of the future. 


The “Voice of Peace” must speak 
around this planet and be heard by all 
people everywhere, no matter what their 
race, or creed, or political philosophies.* 


Pinte 
President and Chairman of the Board, 
Radio Corporation of America. 


* Excerpts from an address before the United 
States National Commission for UNESCO. 


RADIO CORPORATION of AMERICA 


FREEDOM IS EVERYBODY'S BUSINESS 
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partners in creating 


For 80 years, leaders of the engineering profession 
have made K & E products their partners in creating 
the technical achievements of our age. K & E instru- 
ments, drafting equipment and materials—such as the 
LEROY} Lettering equipment in the picture—have thus 
played a part in virtually every great engineering 


project in America. 


KE 


Drafting, Reproduction, 
Survering Equigment 
and Materials. 
Slide Rules, 
Measuring Tapes. 


KEUFFEL & ESSER CO. 


EST. 1867 
NEW YORK * HOBOKEN, N. J. 
Chicago * St. Louis * Detroit 
San Francisco * Los Angeles * Montreal 





HARMONY 
(Continued from page 150) 


the first interval in the scale. Also, another note is 
needed approximately midway between f and g, which 
we shall call f#. 

Similarly, as we modulate upward through another 
fifth to the key of D, two more notes are needed: one, 
a little above e, and the other, c#, between ¢ and d. 
Continuing to modulate upward through fifths, and 
adding the required notes to the scale, we pass through 
the keys of A, E, B, and into the keys of our newly 
created notes, F#, C#, G#, D#, A#, E#, and B#. This 
can be continued indefinitely without ever returning to 
the original key or repeating any key. 

Similarly, modulating downward by fifths from the 
key of C brings us first to the key of F, whose scale 
requires the introduction of two new notes; one slightly 
above d, and the other (bb) between b and a. Modu- 
lating downward we pass through the keys of F, Bb, 
Eb, Ab, Db, Gb, Cb, ete., again a process which can be 
continued indefinitely. 

Now it is desirable to have a system which, after a 
certain number of modulations, will return to the origi- 
nal key, so that any number of modulations may be 
performed using a finite system of notes. This is quite 
necessary, as many of our instruments are so constructed 
that they can produce only a certain number of dis- 
crete notes. The voice, the viols, the slide trombone, 
and a few others are capable of continuous variation of 
pitch, but many (especially the keyboard instruments, 
such as piano and organ) are not. If such instruments 
were equipped to play the above perfect scales in several 
keys, they would be exceedingly complex and difficult 
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to play. Therefore, it has become 
necessary to modify the scale from 
the perfect ratios described above 
to something which approximates 
it but is capable of being played in 
several keys by one instrument. 
It is found that proceeding up. 
ward through the four fifths 


c—g—d—a—e 


gives us an e which is slightly sharp 
when compared to the e a major 
third above c. The difference be. 
tween the two thirds thus formed 
is defined as a comma, an interval 
whose ratio is easily computed to 
be 81/80. If all the above fifths 
are flattened a quarter of a comma, 
the e produced by proceding up. 
ward through four fifths will coin- 
cide exactly with the e a perfect 
major third above c. This was the 
basis of the mean-tone system, 
This system allowed some modu- 
lation without unduly complicating 
the keyboard, but this was accom- 
lished at the expense of using 
fifths which were not perfect. The 
keyboard used with this system 
was generally similar to ours, havy- 
ing twelve keys. Using this system, 
there was always one fifth which 
was extremely bad, as twelve of 
these flat fifths constructed as 
above do not equal an integral 
number of octaves. This meant 
that music written in certain keys 
sounded bad, as some of the chords contained notes 
on opposite sides of this bad fifth. This effect was 
known as the “wolf.” 
While a few organs tuned to this system still exist, 
most instruments are now tuned to a system in which 
the octave is divided into twelve equal semitones (each 


of ratio V2, as ascending through twelve of them 
doubles the frequency). In this system the same chords 
in all twelve keys have the same intervals, and modula- 
tion brings one eventually back to the original key, as 
shown in the diagram, figure 4, which is often called 
the circle of keys. Modulation upward by fifths is 
represented by proceeding clockwise around the circle, 
while modulation downward is represented by proceed- 
ing counter-clockwise. In this equal temperament sys- 
tem, as it is called, there is no distinction made between 
the sharp of a note and the flat of the note a whole tone 
above, as all semitones are equal. 

Mechanically, this system sounds like a satisfac- 
tory solution, but does it sound good? Shown graphi- 
cally in figure 5 are the perfect, or true major scale, the 
Pythagorean scale, and the E. T. (equal temperament) 
major scale of the key of C. It is seen that fifths played 
on the E. T. scale are slightly flat, and major thirds are 
considerably sharp. Only octaves are perfect. It is 
said that harmony did not develop under the Pythago- 
rean scale because the intervals were so far from those 
of the perfect scale. Our scale is not very much better 
in some of the intervals. It differs enough from the 
perfect scale so that some musicians dislike music 
played on instruments tuned to it. (This includes vir- 
tually all keyboard instruments now in use, plus many 
other instruments.) There have been instances in which 


(Continued on page 174) 
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SALLY CHERRY, one of the laboratory experts who keep 
Esso Products high in quality. 
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JOHN BRITTON, Esso Heating Oil Clerk makes up delivery 
schedules from card index of customer needs. 


Good PEOPLE are 
Good BUSINESS! 


Salesman...lab expert...office boy or president—every 
one of our workers knows he has a wide open chance to 
keep on getting ahead in the company! ... 

Because every president of our company has worked 
his way up! 

Over 30 years ago, our company set out to develop, 
with its employees, the best possible program of benefits 
for its workers. 

Today our workers get exceptionally good wages and 
exceptionally steady work. Retirement on pension at 65. 


W. D. BEISNER, University of Minnesota ’46, C. T. STEELE, University 
of Missouri 38, R. $. PENDEXTER, V. P. I. ’41, confer on trouble phases 
of refinery operation. 


WILBUR HUNT, Pittsburgh 
"42 and D. F. EATON, Iowa 
State 84 discuss Wax 
Plant operations. 


Vacations with pay. Special benefits in case of accidents, 
sickness or death. Company training for advancement 
to better jobs. 

Some results?...Well, no important strike or labor 
disturbance in over 30 years, for instance. A staff of 
some 28,000 workers who bring to their jobs each day 
an average of over 14 years’ service with the company 
— 2,000 of them over 30 years! 

This means a lot in a technical, competitive business. 
That’s why we say—good people are good business! 


STANDARD OIL COMPANY OF NEW JERSEY 


(SUCCESSOR TO COLONIAL BEACON OIL COMPANY) 
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The Symbol of QUALITY 
in Grinding Wheels. .. 
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HIS symbol means a wheel made 


in the world's largest grinding 
wheel manufacturing plant. 


It means a wheel made by skilled 
workers—10°/, of them Norton em- 
ployees for 25 years or more. 


lt means a wheel backed by the most 
extensive research facilities in the 
grinding wheel industry. 

lt means the right type of wheel 
for each grinding job—expertly se- 
lected by one of the country-wide 


staff of Norton abrasive engineers. 


It means lowest grinding costs 
for industry 


NORTON COMPANY 
WORCESTER 6, MASS. 


(Behr-Manning, Troy, N. Y. is a Norton Division) 


ABRASIVES 7 


HARMONY 
(Continued from page 172) 


singers who sing both with accom. 
paniment and a capella have had 
difficulty adjusting themselves to 
the equal temperament. When 
singing alone, it is natural to use 
the perfect scale. When accom. 
panied, the singer must follow the 
scale of the accompanying instru. 
ment, whatever that may be. 
We have uno practical solution 
to this problem. Many musicians 
hold that the development of a 
system of perfect (or nearly per. 
fect) scales with the technical ad- 
vantages of the equal temperament 
scale would improve musical har- 
mony considerably. It is to be 
hoped that an answer will be found. 


NEW YORK TO BOSTON 
(Continued from page 154) 


and, in conjunction with carrier 
equipment, large numbers of tele- 
phone or teletype messages. 

At the present time, coaxial 
cable is being used to a far greater 
extent than microwave systems, as 
the map in Figure 1 indicates. The 
New York-Boston link is the first 
permanent radio relay system to be 
installed, though others have been 
installed for temporary service 
over short distances, using equip- 
ment developed during the war for 
the army. A radio relay system 
between New York and Chicago is 
being planned and is expected to 
be completed in 1949. Meanwhile, 
the expansion of coaxial cable facil- 
ities is going forward. By 1950, a 
total of 12,000 miles of coaxial 
cable will be installed. 

It is not yet known whether 
coaxial cable or the radio relay sys- 
tem will prove to be economically 
superior. The New York-Boston 
radio link will help to answer this 
question. Present indications are 
that both systems will eventually 
be used, the choice of one or the 
other being determined by particu- 
lar traffic needs and particular geo- 
graphical conditions. 

Radio relay systems use the 
very top range of the radio fre- 
quency spectrum (3000 - 12,000 
megacycles) because radio energy 
transmitted in this frequency range 
can be concentrated into very 
sharp beams by means of direc- 
tional antennas. Such _ sharply 
focused beams give very clear and 
dependable reception. In general, 


the higher the frequency, the 
greater the directivity. Below 3000 
(Continued on page 176) 
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TIMKEN 


TRADE-MARK REG. U. §. PAT. OFF. 


TAPERED ROLLER BEARINGS 
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A good start is half the race. The more you know when 
you graduate, the better your opportunity for success. 


Your professors have your best interests at heart, but what you 
learn outside the classroom will be a plus advantage of great value 
when you toe the mark for the start of your career. 


Take bearings for example. No form of mechanical equipment with 
rotating parts can operate without them. By acquiring now a thor- 
ough knowledge of Timken Tapered Roller Bearings—their design, 
application and possibilities—you will be in position to meet and 
beat any bearing problem you ever may encounter. 


For Timken Bearings have proved their ability to serve in machin- 
ery throughout all industries and have received the universal ac- 
ceptance and preference of engineers everywhere. They are the 
bearings experienced engineers specify more than any others. 


Our engineers will help you to become a bearing specialist. Write 
us today and tell us what course you are studying. The Timken 


Roller Bearing Company, Canton 6, Ohio. ; 
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IT’S GOOD BUSINESS 
TO DO BUSINESS 
WITH THERMOID 


Why? .Because Thermoid concen- 
trates on a restricted line of prod- 
ucts, related in manufacture and 
in use, and maintains those prod- 
ucts at top quality level. 


\ Thermoid, as a firm, is large enough to 
» be thoroughly dependable, yet small 
enough to be sensitive to the day- 
to-day problems of its customers. 


Engineers depend on Thermoid to 
always furrish well made INDUS- 
TRIAL BRAKE LININGS and 
FRICTION PRODUCTS, TRANS- 
* MISSION BELTING, LIGHT DUTY 
and MULTIPLE V-BELTS and 
DRIVES, CONVEYOR and ELEVA- 
TOR BELTING, WRAPPED and 
MOLDED HOSE. 


If catalogs on any of these lines 
would be helpful in your studies, 
we'll be glad to furnish them. 


Ihermoid 


| oPareoke i Ulan a— 
AUTOMOTIVE + INDUSTRIAL 
Oll FIELO + TEXTILE 















THERMOID COMPANY TRENTON NJ, USA 





INDUSTRIAL OXYGEN 
(Continued from page 153) 


the air passes through a filter which removes sus- 
pended particles. Next, the air enters a reversing 
exchanger which brings the temperature of the air 
down quickly. 

From the reversing exchanger the air passes into the 
expansion engine. The pressure of the gas entering the 
engine and leaving the engine is regulated by two surge 
chambers. These are tanks which are mounted on 
either side of the engine and help store the air between 
cycles of the engine. From the engine the air passes 
through another heat interchanger which is composed 
of three concentric tubes like the reversing exchanger. 
However, since all the impurities have been removed, 
the reversing mechanism is unnecessary. 


The air now enters a tube which passes through the 
bottom of the distilling column. Since previously-gen- 
erated liquid oxygen is present in the bottom of the 
still at the much lower pressure of six pounds per square 
inch, the oxygen absorbs heat from the air and boils 
while the compressed air condenses. The liquid air 
passes into a third interchanger in counterflow with the 
waste nitrogen which is at a lower temperature. Finally, 
the liquid air flows through a constricted tube into the 
top of the still, trickles downward over the packing in 
the still, and absorbs oxygen from the vapor stream 
rising from the bottom. At the same time the vapor 
stream absorbs nitrogen from the liquid stream so that 
it is greatly enriched in nitrogen by the time it reaches 
the top of the still. The liquid stream has lost all its 
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nitrogen by the time it reaches the bottom. Both the 
oxygen and waste nitrogen are conducted directly from 
the still to the heat exchange mechanisms previously 
described and thence to the exterior. The nitrogen is 
discarded and the oxygen is brought to the oxygen 
compressor which compresses it for storage. j 


This carefully worked-out process provides for the 
preservation of as much cold in the system as possible 
in order that the device can operate at peak efficiency, 
By using the reversing exchanger and the flexible rod 
expansion engine, the pressure for operation at capacity 
has been reduced to 150 pounds per square inch in a 
very small plant, much lower still in a large plant. The 
number and size of parts has been reduced so that the 
unit may be carried aloft in aircraft. The only cost of 
actual operation is the cost of compression, since all] 
chemicals and expended materials have been eliminated 
from the process. This new, low pressure, oxygen gen- 
erator developed at M. I. T. will probably make indus. 
trial oxygen available for use whenever needed since the 
inefficiency, cost, and bulkiness of the generator have 
been eliminated. 


The flexible-rod expansion engine has been used 
with much success in the recently-developed helium 
cryostat or refrigerator which provides an experimental 
chamber at a temperature only a few degrees above 
absolute zero. 





NEW YORK TO BOSTON 
(Continued from page 174) 


megacycles, the directivity is insufficient for this sort 
of application. Above 12,000 megacycles, the radiation 
is absorbed by rain, fog, and snow. 

The frequency range used on the New York-Boston 
relay system is from 3930 to 4170 megacycles. The 
antennas used to direct the radio beams are illustrated 
in Figure 2. They are 10 feet square and use the wave 
guide principle to obtain their directivity. They have 
a directivity of 38 db over a dipole, which means that 
a dipole would have to radiate 40 million times as 
much power as the transmitting antennas to obtain the 
same signal strength at the receiving station. 


Wave guides carry the radio waves between the 
antennas and the transmitters and receivers. These 
wave guides are filled with nitrogen and are kept at 
10 psig to prevent the influx of moisture, with conse- 
quent corrosion. 

The output of the transmitters used in the system 
is from .5 to 1.0 watt. The carrier is frequency modu- 
lated, with a frequency deviation of +2 megacycles. 
The receivers use a superheterodyne circuit with an 
intermediate frequency of 65 megacycles. 


There are seven relay stations in the system, located 
as shown in Figure 3. These stations are all located on 
high hills; since, due to the directivity of the radiation, 
it is necessary to have a direct line of sight between 
stations. At each relay station, signals are received 
from both directions; and the output of the receivers 
is used to modulate transmitters which re-transmit the 
signals, greatly strengthened, to the adjacent stations. 

The relay stations receive their power supply from 
commercial power lines; but in case this source of 
power should fail, auxiliary batteries and gasoline- 
driven generators would take over automatically. 
There are no attendants at the relay stations; their 
operation is entirely automatic. 
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Obtaining salt brine from this 
depth was a pioneering develop- 
ment which presented numerous 
problems. All have been solved to 
assure successful operations. 
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Chlorine and Caustic Soda 


from the world’s deepest salt wells 


The deepest salt bed in commercial 
use—6,800 feet below the earth’s 
surface—provides the brine used at 
Columbia’s electrolytic chlorine- 
caustic soda plant at Natrium, West 
Virginia. Hot water, pumped down 
to this great stratum, dissolves the 
rock salt and forces the brine to the 
surface. 

The favorable location of the 
Natrium plant was established as a 
result of pre-Pearl Harbor studies by 
Columbia. Built and operated for 
the DPC, its post-war purchase by 


COLUMBIA 


GLASS - CHEMICALS 


PLATE 


GUA SS 


Columbia assured continued opera- 
tion so helpful in meeting the urgent 
needs of industry for caustic and 
chlorine. The caustic soda is purified 
by a patented Columbia process to 
meet exacting uses such as required 
in the manufacture of rayon. 

Pittsburgh Plate Glass Company, 
Columbia Chemical Division, Pitts- 
burgh 13, Pa. District Offices: 
Chicago, Boston, St. Louis, Pitts- 
burgh, New York, Cincinnati, Cleve- 
land, Minneapolis, Philadelphia, 
Charlotte, San Francisco. 
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BRUSHES - PLASTICS 
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ig YOU THINK of all valves in this 
plant as one valve, you'll see the 
truth in this trick photo. Valves, 
collectively, represent one of the 
biggest investments in equipment 
in any plant. 

With wages and material costs 
highest ever, it is just as important 
for management to keep a sharp eye 
on valve maintenance as it is on 
operating costs of larger plant units. 

EXCESSIVE MAINTENANCE of one 
inferior valve is insignificant, but, 
multiplied by thousands, it is a 


“PREVENT VALVE FAILURE” is a 28-page guide to 
valve economy, fully illustrated, with case historics of valve 
damage, and recommendations for its prevention by proper 
selection, installation, inspection, and maintenance. FREE 
on request. Write JENKINS BROS., 80 White St., New 


York 13, N.Y. 


serious drain on operating budgets. 

JENKINS Bros. helps manage- 
ment meet this problem two ways. 
First, by building extra endurance 
into Jenkins Valves, making them 
the longest - lasting, lowest - upkeep 
valves that money can buy. Second, 
with advice from Jenkins Engineers 
on any question of proper selection, 
installation, or main- 
tenance. 

That’s why, for all 
new installations, for 
all replacements, alert 
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Truth in this “Tall Story” 


management relies on Jenkins qual- 
ity and engineering service for low- 
est valve costs in the long run. Sold 
through leading Industrial Distrib- 
utors everywhere. 

Jenkins Bros., 80 White St., New York 13; 
Bridgeport, Conn.; Atlanta; Boston; 
Philadelphia; Chicago; San Francisco, 

Jenkins Bros., Ltd., Montreal. 


LOOK FOR THIS DIAMOND MARK 


SINCE Grn Sees 1864 


JENKINS 
VALVES 


Types, Sizes, Pressures, Metals for Every Need 
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Engineering 


Weaving of nylon yarn required the 
development of special sizing material 


Problem solved by Du Pont men 
with many types of training 


Each new product that is created in the 
laboratory seems to bring with it a 
new set of problems to challenge the 
ingenuity of the scientist. An outstand- 
ing instance of this is nylon. To make 
practicable the weaving of nylon into 
textiles, it was necessary to develop 
an entirely new slasher sizing material 
—a coating to make the filaments ad- 
here to one another, protect the yarn 
from abrasion and keep it clean. Sizes 
used on other fibers proved unsatisfac- 
tory on nylon, because of its unique 
chemical composition. 

Five candidates were exhaustively 
tested by Du Pont men. Best by far 
proved to be polymethacrylic acid 
(PMA), [CH.=C(CH;)COOH)]x, possi- 
bly because its acidic nature is favorable 
to hydrogen bonding with the polya- 
mide structure of nylon. 


Many technical problems involved 


(1) After weaving, sizing has to be re- 
moved by water. PMA dissolves in 
water readily up to 10% at room tem- 
peratures, but precipitates between 70- 
80°C. A way had to be found to prevent 
precipitation at the normal scouring 
temperature of 100° C. 
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(2) PMA sets to a brittle, glassy 
material on fibers, giving a harsh wrap. 
Suitable plasticizers such as-:sulfonated 
vegetable and mineral oils, glycols and 
other polyhydric alcohols had to be 
foundtocorrect thisconditionand permit 
stretching and flexing of the yarn with- 
out film impairment. 

(3) Good dispersing agents were nec- 
essary so that the powdered PMA would 
not agglomerate as it dissolved in the 
sizing bath. 





G. W. Fassett, B.S. in Chemistry, Augustana '36, 
and W. A. Franta, M.S. in Chemical Engineering, 
North Dakota '34, inspect woven fabric made 
from PMA sized nylon warp in Du Pont Ex- 
perimental Weaving Laboratory. 





J. M. Griffing, Ph.D. (Organic), Columbia '45, and A. Descheemaeker, B.S. in Chemical Engineering, 
Lehigh '41, inspect PMA size solution and check nylon warp at head end of a slasher. In slasher sizing, 
entire warp is coated rather than a single thread. 


(4) Optimum concentrations of PMA 
and the various plasticizers had to be 
determined, and application tempera- 
tures worked out for the different types 
of fabrics (satins, twills, taffetas, etc.) 
to be sized. 

The basic reactions involved in mak- 
ing methacrylic acid monomer are 
straightforward: 

(CHs):CO + HCN ———» (CH:):C(OH)CN 
(acetone) (acetone cyanohydrin) 


(CHs)2C(OH)CN + 
H.0,H:SQ, ———» + H:C=C(CH:)COOH 
(methacrylic acid monomer) 


But several technical difficulties in the 
manufacture of the polymer had to be 
overcome: 


(1) The distillation of the monomer 
has to be controlled carefully to keep 
it from polymerizing in the still head. 

(2) The monomer must be obtained 
free of any color-forming impurities that 
might cause permanent discoloration of 
the fabric by the final polymer solution. 


(3) Polymerization of the monomer 
must be carefully regulated to get re- 
producible results and constant molec- 
ular weight. This is important because 
the molecular weight of the PMA de- 
termines the viscosity of the size. 

(4) Drying the polymer presented 
unusual difficulties. A special study was 
made to find an economical drying proc- 
ess that would give a uniform, finely 
divided product adapted to rapid solu- 
tion. 


Credit for the development of PMA 
textile sizing, is shared by Du Pont 
men with many types of training— 
chemists, physicists, chemical engineers 
and textile.experts, as well as the tech- 
nical service men who worked in close 
cooperation with leading textile manu- 
facturers during commercial trials. 





Questions College Men ask 
about working with Du Pont 





Where would my job be? 


Openings for technical graduates may exist 
in any one of the 38 Du Pont research lab- 
oratories or 85 manufacturing plants. Every 
effort is made to place men in positions for 
which they are best suited and in the sec- 
tion of the country which they prefer. Write 
for booklet, ‘“‘The Du Pont Company and 
the College Graduate,’’ 2521-B Nemours 
Building, Wilmington 98, Delaware. 


REG. U.S. PAT. OFF 


BETTER THINGS FOR BETTER LIVING 
.-» THROUGH CHEMISTRY 


More facts about Du Pont — Listen to “Cavalcade 
of America,” Mondays, 8 P.M., EST on NBC 
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PROBLEM—You are designing an electric clock for auto- 
mobiles. The clock itself is completed. To set the clock, 
the spindle which turns the hands must be pushed in against 
a spring pressure and then turned—and, of course, when 
the clock is installed, this spindle is back under the dash- 
board. You want to provide a means for pushing and 
turning the spindle from a point that is easy to get at. 
How would you do it? 


THE SIMPLE ANSWER—Use an S.S.White flexible shaft. 
The illustrations show how one manufacturer does it. Re- 
gardless of where the clock is mounted, the flexible shaft, 
available in any length, makes it possible to put the hand- 
set knob in the most convenient spots. 


x k * 


This is just one of hun- 
dreds of power drive 
and remote control 
problems to which §S.S. 
White flexible shafts 
are the simple answer. 
That's why every engi- 
neer should be familiar 
with the range and 
scope of these ‘Metal 
Muscles''* for mechani- 
cal bodies. 





*Trademark Reg. U. S. Pat. Off. 
and elsewhere 


WRITE FOR BULLETIN 4501 


It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy is yours 
free for the asking. Write today. 


SS. WHITE woysrmiat 


THE S. $. WHITE DENTAL MFG. CO. SION 
OEPT.C, 10 EAST 40th ST.. NEW VORK 06, N.Y. om 
PLERIOLE SHAFTS © PLERIDLE SuAPT TOOLS + alecear? accessoRNS 
SMALL CUTTING AND GINDING TOOLS © SPECIAL FORMULA BuSEERS 
MOLRED RESISTORS + PLASTIC SPECIALTIES = CONTEACT PLASTICS CLOUD 


One of Americas AAAA Industrial Enterprises 





MICROCHEMICAL LABORATORY 
(Continued from page 151) 


performance of a determination. The benches have 
stainless steel tops, which help maintain the neat 
appearance of the laboratory. 

There are eight chemical balances in the laboratory; 


two of them are Ainsworth keyboard-operated micro. 


balances, one is an Ainsworth non-keyboard operated, 
four are Becker semi-microbalances and one is a Becker 
microbalance. The Ainsworth balance is equipped with 
an optical lever reading device: by this arrangement a 
line of light is cast on a scale on the floor of the balance 
and thus allows considerable ease in the use of the bal- 
ance; furthermore, this optical lever permits readings 
as low as a fraction of a microgram and eliminates the 
danger of errors due to parallax. Readings are made 
directly to 0.001 mg. on the optical lever scale without 
estimation or interpolation. The microbalances require 
a considerable amount of protection from vibrations, 
Solid tables with Alberene stone tops supported by pipe 
legs fixed to the floor and braced to the wall by brackets 
eliminate the risk of disturbance of the balance by the 
operator. Rubber balls inserted in depressions in the 
balance case support a balance base which consists of 
five layers: a plate of glass, a pad of felt, two sheets 
of lead and a sponge rubber sheet; these precautions 
obviate the risk of any jars which may be produced by 
vibrations in the building from the operation of motors 
and engines, or other causes. The balance cases have 
special sliding panel doors which have been found to 
be a distinct advantage over the conventional window 
type. The new type does away with channels and 
pulleys which do not work too well on the up-and-down 
window type of balance case. These sliding panel doors 
operate on the side just as a glass book case is opened. 

Whereas most laboratories still use gas burners to 
carry out their reactions, the M. I. T. laboratory has 
undergone complete electrification; all the heating 
equipment and microcombustion furnaces use elec- 
trical power. The microcombustion furnace used in 
the laboratory is of a custom-made model designed by 
the director of the laboratory so that the heating ele- 
ments can readily be replaced on the spot by a simple 
process. This is a distinct advantage over the alterna- 
tive of sending out the furnace every time repairs are 
needed. 

The Carbon and Hydrogen Train Apparatuses have 
special control panels consisting of an indicating control 
pyrometer, a Variac gauge, and colored signal lights. 
The Variac gauge controls the load, and is set so that 
the furnace will not overheat in the event that the 
pyrometers do not function properly. The signal bulbs 
indicate by their different colors whether the furnace is 
heating up, is up to heat, or is overheating. 

An electric drying oven, with a temperature control 
device, is used for the drying of special glassware and 
halogen precipitates. An electric microcentrifuge pro- 
duces relatively high centrifugal force and a rapid sedi- 
mentation rate. A special glass blowing table in the 
hood room is available for the construction of appa- 
ratuses and for the opening and sealing of Carius Bomb 
tubes. Another unusual piece of equipment in the lab- 
oratory is the specially designed and custom-built 
immersion heater for the steam generator of the micro- 
Kjeldahl distilling apparatus. 

All the above features combine to make the M. I. T. 
microanalytical laboratory one of the most modern and 
efficient in the East. A good microanalytical laboratory 
is an almost indispensable tool to modern organic 
research. 
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‘Intellectual improvement arises from leisure” 


SAMULEL JOHNSON 


Why housekeeping gets “lighter” all the time 


“, .. Woman’s work is never done.” 

True enough. But today’s homemaker — aided by her 
modern refrigerator, range, water heater, vacuum cleaner 
and other appliances finds more time for family and for 
leisure. 

And what helps these “automatic servants” operate so 
dependably? Better materials for one thing. 

Materials on the inside—the unseen working parts of 
household standbys. Such as alloy steels, new plastics, car- 
bon brushes in motors... lighter, more compact materials 
that make appliances stand up longer and handle with ease. 

Materials, too, that you can see... as those stainless steel 
surfaces so easy to clean. Or the chemicals in more enduring 
waxes and polishes, varnishes and plastic finishes. 


Yes, today’s housewife enjoys new leisure, new freedom 
from drudgery . . . thanks to better materials. 

Producing these better materials and many others—for 
the use of science and industry and the benefit of mankind 
—is the work of the people of UNION CARBIDE. 

‘ 


FREE: You are invited to send for the illustrated booklet, “Products 
and Processes,” which describes the ways in which industry uses 
UCC’s Alloys, Chemicals, Carbons, Gases and Plastics. 


Union CarBIDE 


AND CARBON CORPORATION : 


30 EAST 42ND STREET UCC NEW YORK 17, N. Y. 


Products of Divisions and Units include 


LINDE OXYGEN ° 


NATIONAL CARBONS ¢ EVEREADY FLASHLIGHTS AND BATTERIES * 
PRESTONE AND TREK ANTI-FREEZES * ELECTROMET ALLOYS AND METALS * 


Prest-O-LirE ACETYLENE * PyROFAX GAS « BAKELITE, KRENE, VINYON, AND VINYLITE PLASTICS 


ACHESON ELECTRODES 
HAYNES STELLITE ALLOYS * SYNTHETIC ORGANIC CHEMICALS 





NEW NON-STOP PROCESS 
PRODUCES G-E PHENOL 


If you were to visit the Chemical Depart- 
ment of the General Electric Company 
at Pittsfield, Mass., you could watch 
something new in the production of 
phenol. It’s a continuous operation 
process developed by G-E chemists and 
engineers. With the completion of this 
plant, General Electric becomes the only 
company in the United States to start 
with the production of chemicals... con- 
vert them into resin . . . then molding 
powder or varnish . . . and finally fabri- 
cate them into a long list of finished 
molded or laminated products. 

Phenolic compounds are among the 
most useful molding powders. Since 
phenol is so important in the fast-grow- 
ing plastics industry, its processing 
should be of interest to every young 
chemist and student of chemistry. 

How is phenol made? The basic in- 
gredients used at Pittsfield are benzol, 
chlorine, and caustic soda. 


Distillation building with fractionating towers. 


Caustic effluent from electrolytic cells is 
evaporated to 20 per cent and the salt 
crystals separated. Caustic is diluted to 
10 per cent for hydrolyzing the mono- 
chlorbenzol. Chlorine leaving the cells 
at 180 F. is cooled to 55. The gas is 
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compressed to 20 Ib. and goes to 
the chlorinator. Here it meets 
with benzol and monochlorbenzol 
is formed. Gases leave from the 
top of the chlorinator. The hydro- 
chloric acid is recovered to be used 
later in neutralizing sodium 
phenolate to release phenol. The liquid 
leaving the chlorinator is composed 
of unreacted benzol, monochlorbenzol, 
and dichlorbenzols. It is neutralized and 
the components are separated. 

The monochlorbenzol, caustic, and 
diphenyl ether are then mixed and the 
mixture is compressed to 4,000 lb. per 
sq. in. The temperature is raised to 


High pressure, high temperature heat exchanger. 


500 F. The feed next enters the radiant 
section of the tubular reactor and is 
brought up to reaction temperature. In 
the convection section the mixture is 
held at high temperature until the re- 
action is complete. Substantially all 
monochlor is reacted to sodium pheno- 
late, diphenyl ether, or high boiling 
residues. The mixture is cooled and the 
pressure reduced. In a decanter the 
diphenyl ether is separated. Phenolate 


forming a brine layer and a phenol-— ; 
water layer. The phenol is recovered by © 


_ é 4 


Control panel for hydrolysis and distillation. — 


distillation and sent to storage in tank © 
cars, ready to be shipped to plants re- | 
quiring this vital compound. i 

This ingenious and efficient process 7 
is another example of what G-E chemists . 
and engineers do to aid in the develop- § 
ment of a great many industries and in- ‘ 
dustrial projects. Today the demands of a 
the users of chemical products are | 
extremely varied. General Electric, 7 
through its chemists and chemical engi- 7 
neers of today—and tomorrow—will con- 
tinue to meet those demands. Chemical 
Department, General Electric Company, 
Pittsfield, Massachusetts. 


A message to students of chemistry and chemical 


engineering from 


DR. CHARLES E. REED 
Manager, Chemical Engineering Division 
General Electric Chemical Department 

The future of the plastics industry presents a challenge to every 
student of chemistry and chemical engineering. Here at General 
Electric—where plastics were pioneered and many other chemical 
and metallurgical processes and products developed—you may 
find exactly the facilities and environment you are seeking to 
carry on your work after graduatio 


e 
UNIVERSITY 
FEB 2 5 1948 


PLASTICS @ SILICONES @ INSULATING MATERIALS @ GLYPTAL ALKYD RESINS © PERMANENT mae q 
The Murray Printing Co y : 


Cambridge, Massachusetts a 





